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adjuvant that is described as the present invention will increase overall titer of antibodies of a specific isotype which are specific 
for the antigen. For example, in mice, when the adjuvant of the present invention is admixed with a conventional antigen, the iso- 
type that is induced in the mouse is changed from a predominantly IgGl isotype to the more protective IgG2 isotype and, in some 
cases, IgG3 isotype. Thus, by practicing the present invention, one can improve the overall protective effect of conventional vac- 
cines. 



FOKTHErUMFOSESOPrnFOKMAnONOflLr 



AT 




AU 


Attflniiia 


B» 


BartMdos 


»e 


Bctfius) 


BP 


Burkina Faso 


■G 


Bulpria 


BJ 


Bcfiin 


Bft 


BnzU 


- CA 


CaiUKte 


CF 


Ctmnl African RcpubJic 


CC 




CH 


SwitterUnJ 


CI 


C6icd*lvouc 


CM 


Cimeroon 


C5 




D£ 


Ocmuny 


DK 





es 


Spain 


PI 


Finland 


PR 


Frsocc 


CA 


Gabon 


CB 


Unitvd KiDsdom 


GN 


Cwiaoa 


CK 




HU 


Hunsary 


rr 


luly 


JF 


Japan 


KP 


Dciiiocrsiic PBoptc*s Republic 




of Korea 


KR 


Republic of Korea 


LI 


Uixhtcnsicin 


LK 


Sri Uflka 


LU 


L4acaibour( 


MC 


Monaco 



MG 
ML 


Mada«Mcar 


MN 


Mall 

Monfolia 


MR 


Mauriianic 


MW 


Malawi 


NL 


Nclbcrlamb 


NO 


Norway 


PL 


Poland 


RO 


Romania 


SO 


Sudan 


SE 


Sweden 


SN 


Senu^l 


SU 


Soviet Union 


TO 


Chad 


TC 


Toeo 


US 


Uniied Suua of America 



1 



IMPROVED ADJUVANTS AND VACCINES 

Technical Field 

The present invention relates to vaccine adjuvants and to 
improved vaccines that use the adjuvants. The adjuvants can be designed so 
that the immune response is predominandy antibodies of a desired isotype; e,g„ 
IgG2 or IgG3 isotypes in mice or the corresponding isotypes in man and other 
animals, tiiereby improving protection by a vaccine. In addition, the improved 
vaccme and adjuvant of the present invention provides long lasting protection. 

Background Art 

The term "antigen** is defined as anytfiing that can serve as a 
target for an immune response. The immune response can be either cellular or 
humoral. The term "vaccine" is defined herein as a suspension or solution of 
antigenic moieties, usually consisting of infectious agents, or some part of the 
infectious agents, that is injected into the body to produce active immunity. The 
antigenic moiety making up the vaccine can be either a microorganism or a 
natural product purified from a microorganism, a synthetic product or a 
genetically engineered protein, peptide, polysaccharide or similar product. The 
term "cell mediated immunity" is defined as an immune response mediated by 
cells rather than by antibody. It includes, but is not limited to, delayed type 
hypersensitivity and cytotoxic T cells. The term "adjuvant" as used herein is 
any substance whose admixture with an injected immunogen increases or 
otherwise modifies die immune response. A "hapten" is defined herein as a 
substance tiiat reacts selectively with appropriate antibodies or T cells but die 
hapten itself is usually not immunogenic. Most haptens are small molecules or 
small parts of large molecules, but some macromolecules can also function as 
haptens. The terai "conjugation" is defmed herein as the covalent or other fom 
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of linkiiig two or more molecules. It can be accomplished either by chemical 
means or in vivo by biologic means such as genetic engineering. The term 
"isotype" is a subtype of an antibody. The tenn "lipopdysacchatide" (LPS) is a 
anqjhipathic glycophospholipid obtained from the outer membrane of gram- 
5 negative bacteria which has a hydrophobic moiety called lipid A and a sugar 

moiety (polysaccharide or oligosaccharide). The term "non-toxic LPS" is 
defined as an LPS with veiy low toxicity based on one or more mcasuiements 
of 50% lethal dose in animals (LD50), 50% chick embryo lethal dose 
(CELD5o).pyrogenicity in rabbit, or dermal Shwartzmanreacticm, Thcin vitro 
10 measurements of the induction of either/both tissue necrosis factor and IH by 

macrophage can also be used to determine the toxicity of LPS. The term 
"detoxified LPS" is defined as being LPS with reduced toxicity due to chemical 
modification of the structure of Upid A moiety, i.e., removal of one phosphate 
group, rcnooval of one to three fatty acyl groups, the introduction of new 
15 functional groups (e.g., mediyl, acetyl, alcohol and the like), or partial 

reduction or oxidation. 

An effective vaccine must induce an appropriate lesponse to the 
correct antigen or antigens. There are several distinct types of immune 
responses which vary in their abUity to confer protection against particular 
20 diseases. For example, antibodies may confer protection against bacterial 

infections, but cell mediated immunity is required for eliminating fiom the bo<fy 
many viral infections and tumOTS, There are multiple distinct types of antibocfy 
and cdl-mediated immune responses. Cell-mediated responses are divided inco 
two basic groups: 1) delayed-type hypersensitivity in which T cells act 
indirectiy via macrophages and otiier cells or cell pnxiucts, and 2) cytotoxicity 
in which specialized T-cells specifically and direcdy attack and kill infected 
cells. 

There are five major classes of antibody: IgM, IgG, IgE, IgA 
andlgD. These classes have distinct functions in die immune response. IgG, 
tile dominant class in tiic blood, is subdivided into several different subclasses 
or isotypes. In mice, tiiese isotypes are IgGl, IgG2a, IgG2b, and IgG3. In 
humans, die isotypes are IgGl, IgG2, IgG3 and IgG4,l Similar isotypes have 
been defined in most otiier mammalian species in which tiiey have been 
investigated. The nomenclature of IgG isotypes is different in different species 
because tiie names were coined before tiie structure or function of die antibody 
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isotypes were understood. Although much still remains to be learned, the IgG 
isotypes appear to be highly conserved among mammalian species. 

The IgG isotypes differ in their ability to confer protection to 
particular infections. IgG2a and IgG2b in mice activate complement, mediate 
antibody mediated cell mediated cytotoxicity and other functions. They are 
particularly effective in conferring protection against many bacterial, viral and 
parasitic infections. The counterparts in humans appear to be IgGl and IgG3. 
In contrast, murine IgG3 is particularly effective in conferring protection against 
bacteria with polysaccharide coats such as the pneumococcus. Hie human 
counterpart seems to be IgG4, Isotypes such as IgGl in mice do not fix 
complement, neutralize toxins effecdvely, but are marlcedly less effective for 
many bacterial and viral infecdons. Because the different IgG isotypes differ 
markedly in their ability to confer inununity, it is iniportant that vaccines induce 
the most appropriate isotype for a particular infection. Even though the 
nomenclature is different, available evidence and modem theory indicate that the 
properties of immunogens which determine the isotype of antibody produced 
are similar across mammalian species. In other words, an inmaunogen which 
stimulates delayed type hypersensitivity or complement fixing IgG antibody in 
one species will generally stimulate similar responses in other species. 

Biosynthetic and recombinant DNA technology is permitting 
development of vaccines possessmg antigenic epitopes that were previously 
impossible to produce. Current vaccine candidates include virtually all 
infectious agents, allergens and even host components such as hormones and 
molecules involved in autoimmune diseases, cancer and other diseases. The 
infections agents include, but are not limited to, viruses, bacteria, parasites, 
rickettsiae and fungi. Hormones are being evaluated as vaccines for diverse 
purposes such as prevention of pregnancy and treatment of disease. Vaccines 
for treatment of cancers, such as melanoma, are being evaluated in animals and 
man. In each case, optimal effect of the vaccine depends upon stimulating the 
appropriate type, intensity and duration of the immune response. 

The work on the parasitic disease malaria is especially important. 
This disease affects in excess of 200 million people per year worldwide and is 
the most important disease in the world in terms of morbidity and loss of work. 
The techniques of genetic engineering have been used to identify, and now to 
produce in substantial quantities, several peptides and proteins associated with 
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malarial parasites. In particular, a twelve amino acid peptide fiom the sporDzoite 
stage has been determined to cany an important antigenic site. Antibodies 
against tins particular pq}tide can Idll the parasite immediately after it is injected 
Unformnatcly, this peptide, by itself, does not produce an adequate immune 
response. Each species of malaria has a different peptide, but the characteristic 
structure and repeat units is found in all of them. 

In an effort to induce an effective inmune response to the 
sporozoite peptide, the peptide has been conjugated witii carriers and 
administered widi adjuvants. To date, however, die adjuvants used with the 
peptide or peptide conjugates have not produced satisfactory results. Similarly 
important antigens have been identified on die blood stages of malarial 
parasites, but available vaccine formulations have been unable to induce 
protective immunity. 

Human inununodeficiency virus (HTV) causes AIDS. Many 
recombinant and peptide antigens have been prepared from HTV. There is 
evidence diat antibodies against these antigens can neutralize the vims and that 
the body's immune response is able to prevent or control infections. However, 
generally effective vaccines to induce protective immune responses against HIV 
have remained an elusive goal Hemophilus influenza and pneumococcal 
pneumonia provide further examples. The important antigens of diese bacteria 
are polysaccharides which elicit protective immune responses poorly in infants 
and elderly persons who are in most danger fxom these infections. Similar 
situations exist for numerous otiicr viral, bacterial and parasitic infections in 
addition to tumors and other diseases ^ch can be modulated by immune 
responses. Modem science has provided die means to identify and produce 
antigens fitrai most conditions wWch are influenced inmune resporises. The 
failure of many new antigens to induce optimal protection has highlighted an 
increasing need for means to influence die type, intensity, and duration of 
immune response produced by vaccines. 

Thus, interest has arisen in the development of potent, nontoxic 
adjuvants that will enhance, and pcriiaps more importantiy. modulate tiie 
immunogenicity of haptcnic epitopes. In addition, adjuvants are needed for use 
with conventional vaccines to elicit an earlier, more potent, or more prolonged 
response of the appropriate type. Such an adjuvant would also be useful in 
cases where antigen supply is limited or is costiy to produce. 
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The development of adjuvants has, until recently, been 
empirical. An enormous number of compounds have been found to modulate 
the immune response. These compounds have been notably diverse in both 
substance and function, a fact that has complicated attempts to discover the 
unifying mechanisms of adjuvant action. The elucidation of tiiese mechanisms 
has lagged behind recent advances in the understanding of die immune system. 

This diversity of adjuvants has presented difficulties in their 
classification. Adjuvants are occasionally grouped according to tiieir origin, be 
it mineral, bacterial, plant, syntiietic, or host product. The first group under tfiis 
classification are the mineral adjuvants, such as aluminum compounds. The first 
use of aluminum compounds as adjuvants was described in 1926. Since tiiat 
time antigens precipitated with aluminum salts or antigens mixed widi or 
adsorbed to performed aluminum conqjounds have been used extensively to 
augment immune responses in animals and humans. Aluminum compounds 
and sinular adjuvants appear to work tiarough tiie following mechanism. The 
aluminum physically binds to the antigen to form particles. These form a depot 
of antigen in tissue following injection. Excretion of die antigen is slowed, 
thus prolonging the time of interaction between tiie antigen and antigen- 
presenting cells such as macrophages or follicular-dendiitic cells. In addition, 
immunocompetent cells are attracted to the area of injection and are activated. 
Aluminum particles have been demonstrated in regional lymph nodes of rabbits 
seven days foUowing immunization, and it may be that anotiier significant 
function is to direct antigen to T cell containing areas in the nodes tiiemselves. 
Adjuvant potency has been shown to correlate with inflammation of the draining 
lymph nodes. While many studies have confirmed tiiat antigens administered 
widi aluminum salts led to increased humoral immunity, cell mediated immunity 
appears to be only slighfly increased, as measured by delayed-type 
hypersensitivity. Aluminum hydroxide has also been described as activating die 
complement pathway. This mechanism may play a role in the local 
inflammatory response as well as immunoglobulin production and B cell 
memory. 

Primarily because of their excellent record of safety, aluminum 
compounds are presendy die only adjuvants used in humans. They arc, 
however, not widiout problems. Aluminum containing vaccines occasionally 
cause local reactions. Although allergic manifestations are not usually a clinical 



problem, alimdnura compounds have been also said to attract eosinophils to the 
area of injection via a T-ccll-dependent medianism, to induce an IgE response if 
injected after antigen priming, and to elicit a carrier-specific cell population with 
helper function for IgE response. In addition, aluminum-containing vaccines 
cannot be lyophilized, thus necessitating rc&igeratcd transport and storage with 
the resulting risk of contaminadon. 

Finally, and most importantly, aluminum compounds are not 
always successful in inducing sustained protection ftom disease. This is due, in 
part, to their inability to induce die most appropriate isotypes of antibody or the 
optunal type of cell-mediated immunity. Thus, vAiQc aluminum salts have been 
a sufficient adjuvant for strong immunogens that require only antibody 
responses to elicit protection, they are not effective when used with weak 
mmunogens like synthetic peptides of malaria or for introducing cell-mediated 
immune responses or IgG isotype of the type required to figjht infecticms. 

Another large group of adjuvants are those of bacterial origirL 
Adjuvants with bacterial origins have reccntiy been purified and synthesized 
(e,g, muramyl dipeptides, lipid A) and host mediators have been cloned 
(Interleukin 1 and 2), providing chemically diaracterized products for study. 
The last decade has brought significant progress in the chemical purification of 
three adjuvants of active components of bacterial origin: Bordetella pertussis, 
lipopolysaccharide and Ercund's Con5)lete Adjuvant (FCA). 

B, pertussis is of interest due to its ability to naodulate cell- 
mediated immuiuty through action on T-lymphocytc populations. For 
lipopolysaccharide and Freund's Complete Adjuvant, adjuvant active moieties 
have been identified and synthesized which permit study of structure-function 
relationships. 

Lipopolysaccharide and its various derivatives, including lipid 
A, have been found to be powerful adjuvants in combiiuition widi liposomes or 
oflier lipid emulsions. It is not yet certain whether derivatives vnxh sufficicntiy 
low toxicity for general use in humans can be produced. Freund's Complete 
Adjuvant is the standard in most experimental studies. Ifowever, it produces 
severe local and systenMC inflanmmtory reactions which may be severe enough 
to cripple or kill the host It cannot be used in humans and may be banned for 
use in animals. 



Many other types of materials have been used at various tiines as 
adjuvants. They include plant products such as saponin, animal products such 
as chitin and numerous synthetic chemicals. The source of an adjuvant among 
these categories has not proved particularly useful in predicting its biological 
properties. 

Adjuvants have also been categorized by their proposed 
mechanisms of acdon. This type of classification is necessarily somewhat 
arbitrary because most adjuvants appear to function by more than one 
mechanism. Adjuvants may act through antigen localization and delivery, or by 
direct effects on cells making up die immune system, siKh as macrophages and 
lymphocytes. Anodier mechanism by which adjuvants enhance the immune 
response is by creation of an antigen depot. This appears to contribute to the 
adjuvant activity of aluminum compounds, oil emulsions, liposomes, and 
syndietic polymers. The adjuvant activity of lipopolysaccharides and muiamyl 
dipeptides appears to be mainly mediated through activation of the macrophage, 
whereas B. pertussis affects both macrophages and lymphocytes. Recent and 
speculative approaches to immunopotentiation, such as the utilization of 
monokines and lymphokines, and the manipulation of die antigen, carrier, and 
adjuvant to augment the immune response are currendy fashionable. 

Small immunogens, such as die syndietic peptide of malaria, can 
be attached to larger proteins or otiier carriers to increase die immune response. 
The relationship between molecular size and complexity of an antigen relative to 
immunogenicity reflects die availability of antigenic determinants on die 
molecule. This relationship was first noted by Landsteiner when he 
demonstrated die need to complex small radicals widi larger (carrier) molecules 
to stimulate an immune response. However, die mechanistic basis for die 
requirement was to await experiments diat demonstrated die carrier effect and 
die need for a minimum of two antigenic determinants on a molecule to express 
immunogenicity. These determinants represented the earner and haptenic 
determinants diat interact widi T and B lymphocytes, respectively. However, 
die influence of die carrier moiety extends beyond simple antigenicity dirough 
activation of T cells in T-dependent humoral responses. 

The combination of determinants on an antigen molecule can 
influence die immune response by differential activation of various types of 
helper and suppressor T cells. A model system demonstrating dus effect is die 
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genetically controlled humoral response of tespondcr (C57B1/6) and non- 
responder (DBA/I ) mice to the synthetic teipolymcr 1-glutamic acid^O-L- 
alaninc^O.L- tyrosine 10 (GAT). While C57B1/6 mice respond to this 
polypeptide, DB A/l mice will respond only if the GAT is cwipled to methylated 
bovine scrum albumin (MBS A). However, if the mice are injected with GAT 
prior to immunization with GAT-MSBA, a detectable antibody response to 
GAT does not occur. Hie explanation for these observations is that GAT 
stimulates helper T cells in the responder mice but preferentially activates 
suppressor T cells in non-respondcr mice. This predominance of suppressor 
cells prevents a response to GAT even when coupled to MBSA. However, if 
primary immunization is with GAT-MBSA, activation of helper T cells by the 
carrier moiety provides help that overrides the effect of any suppressor cells 
activated by GAT, 

Determinants associated with a native protein noolecule have also 
been demonstrated to contribute differentiy to help and suppression. 
Conjugation of an immunogenic carrier to an antigen can change the isotype of 
antibodies produced in response to that antigen. Purified polysaccharides from 
many encapsulated bacteria are thymus-indcpendent antigens due to their 
polymeric nature with multiple repeating antigenic determinants. While they 
represent protective antigens of these bacteria, the IgM antibodies produced 
have limited efHcacy in preventing disease. This is largely due to their inability 
to stimulate immunologic memory or adequate immune responses in very young 
or old individuals who are at high risk from the infections. Therefore, 
polysaccharides firom Neisseria meningitidis and Haenu^hilus influenza type b 
have been conjugated to proteins, such as tetanus toxoid. These conjugated 
preparations act as thymus-dcpendent antigens and indxxce IgG responses to the 
polysaccharide moiety as well as inununologic memory. They also induce 
responses in young or old individuals. Likewise, the thymic-independent 
polysaccharide carriers have little potential for enhancing the immunogenicity of 
peptides, such as those involved with malaria which require thymic-dependent 
IgG immxme responses. 

Publications by Feldmann and Lee and others state that flagella 
antigens of Salmonella organisms are typical thymic-independent antigens 
which stimulate strong IgM antibody rcsponses.23 They stimulate only late 
maturing B cells which are absent from infants. Such immunogens also tend to 
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induce tolerance in infants and do not induce memory or other aspects of the 
complex inunune responses induced by thymic-dependent antigens in adults. 
This published data would lead one to believe that they have litde potential as 
adjuvants or carriers for malaria peptides or other small antigens which require 
5 thymic-dependent IgG antibody responses^ 

There probably is no precise point of transition that distinguishes 
a carrier from an adjuvant The carrier moiety is contributory to a property of 
andgens that has been termed intrinsic adjuvanticity. The capacity of certain 
materials to convert a tolerogen to an immunogen has been termed as extrinsic 
10 adjuvanticity. Adjuvanticity can be enhanced by increasing the size of the 

andgen duough aggregadon of proteins or adsorption to immunogenic or inert 
carriers. Thus materials, such as aluminimi hydroxide, latex particles, 
bentonite, or liposomes that adsorb antigen and enhance the immune response, 
are termed adjuvants. However, this observed effect of aggregation of antigen 
15 represents only a limited view of adjuvant actions which are now recognized as 

being extremely cooiplex. 

Small peptides and otiier haptens are incapable of evoking a 
strong immune response without the use of an adjuvant Most adjuvants that 
are currently available are toxic and/or do not evoke an inmiune response that is 
20 effective in protecting the animal or human against infection with the infectious 

agent Thus, what is needed is a vaccine which can be administered to an animal 
or human and will cause the immune system to mount a prolonged and potent 
immune response of the correct type against an appropriate antigen. 

Large hydrophobic nonionic block copolymer surfactants have 
25 been shown to be effective immunologic adjuvants which are potentially useful 

in man 4.5.6 Hiey appear to act as adhesives which bind protein antigens to the 
surface of oil drops and/or cells in a way which facilitates antigen presentation. 
Previous studies have demonstrated that these copolymers can induce high titer, 
long lasting antibody responses. Interestingly, closely related copolymers have 
30 only weak activity, are not adjuvants, or induce inappropriate responses or 

tolerance. This makes prediction of adjuvant activity complex and imprecise. 

One might predict that adjuvants whose primary activity was cell 
stimulation or immunomodulation might work well in combination with the 
adhesive copolymer adjuvants. The combination of copolymer PLURONIC® 
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L121 with a thrconyl derivative of MDP has been reported to induce better 
response, particularly a cell mediated immune response, than L121 by itself^ 

Lipopolysacchaiidcs are well-known as B cell mitogens with 
pronounced effects on macrophages,^ its adjuvant activities have been know 
for many years, but its use has been Hmitcd by toxicity and variable efficacy. It 
has been reported in several articles and reviews that the biological activity of 
the lipopolysaccharides resides in die lipid A portion of the lipopolysaccharidc 
molecule.9 Several strategies have been developed for reducing the toxicity of 
LPS preparations while maintaimng their adjuvant activity. They include the 
removal of a phosphate group fiom lipid A to produce monophosphoryl lipid A 
(MPL) or the removal of one or more fatty acid chains from the lipid A moiety. 
Some types of LPS, particularly fliat fiom Rhodopseudomonas sphaeroides, 
have an altered lipid A and arc inhcrcntiy non-toxic 

The isotype of antibody is very important in resistance to many 
infections, but little is known about how to produce a particular isotype 
response. IgG2a has been associated witii being a protective isotype for a 
variety of pathogens, including trypanosoma cruzi,10,ll musculO^ and 
Plasmodium Yoelii (malaria) and tiie bacterium Brucella. IgE antibodies arc 
particularly toxic for parasites in mice. Many parasites including hekninths, 
schistosomes, and nraiatode larvae naturally stimulate predominanfly IgGl and 
IgE antibodies. The production of IgGl and IgE appear to be linked Each 
isotype has functional advantages which may be appropriate for neutralizing a 
particular infectious agent IgG2a binds most avidly to macrophages, which 
may mfluence antibody dependent cell mediated cytotoxicity and phagocytosis 
and can activate con^lemcnt The murine IgG3 isotype is particulariy effective 
in protecting against infections with encapsulated bacteria such as S, 
pnewnofuae. 

Finally, diseases caused by Streptococcus pneumoniae arc 
among the most important bacterial infections of infancy and childhood. A 
multivalent vaccine containmg capsular polysaccharides fiom 23 types of 
pneumococci is widely used today. Several studies show fliat tiie efficacy of 
the vaccine in preventing bacteremic illness was 0% in children 2-10 years of 
age and 49% in persons older tiian 10 years. There is no convincing evidence 
that the vaccine is effective for the chronically ill and studies have shown that 
there is no benefit for the elderly and the institutionalized patients. 
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By themselves, capsular polysaccharides are thymus 
independent type 2 (n-2) antigens which are poorly immunogenic in the very 
young or very old. TI-2 antigens induce only a restricted number of isotypes, 
mainly IgM. They induce only a weak memory response, or no memory 
response, and tolerance is easily induced. 

Thus, what is needed in the vaccine art is a composition and 
method of administering vaccines so that the most efficacious and protective 
antibody isotype is induced. The vaccine should also be capable of inducing a 
long-lasting high titer of antibodies. 

Summary of the Invention 

The present invention comprises a vaccine adjuvant which, 
when admixed with an andgen and administered into a human or animal, will 
mduce a more intense immune response to the andgen than when the andgen is 
administered alone. In many cases, the adjuvant that is described as the present 
invention will increase overall titer of antibodies specific for the vacdne antigen. 
For example, when the present invention is practiced with a conventional 
antigen, the isotype that is induced is changed from a predominantiy IgGl 
isotype to the more protective IgG2 isotype and, in some cases, IgG3 isotype 
or the corresponding isotype in other species. Thus, by practicing the present 
invention, one can improve the overall protective effect of conventional 
vaccines. 

In addition, the present invention is particularly effective in 
inducing protective antibodies against peptide antigens including, but not limited 
to, (asparagine*alanine-giycine*glycine)5-tyrosine [(NAGG)5] malaria antigen. 
It is effective for a wide range of antigens and types of antigens. This includes 
polysaccharides, such as pneumococcal polysaccharide, oligosaccharides, 
proteins, peptides, and natural or synthetic haptens or combinations of these 
materials. 

The present invention comprises an adjuvant and a vaccine 
which is comprised of an antigen and an improved adjuvant. In one 
embodiment of the present invention, the antigen is admixed with an effective 
amount of a surface-active copolymer having the following general formula: 
HO(C H O) (C H 0) (C H O) H 

^ 2 4 'b^ 3 6 'a^ 2 4 'b 
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wherein the molecular weight of the hydrophobe (C3H6O) is 
between approxinutely 4500 to 9000 and the percentage of hydrophilc 
(C2H4O) is between approximately 3% and 15% by wdghL 

The inqnuved vaccine of the present invention also con5)rises an 
antigen and an adjuvant wherein the adjuvant comprises a surface-active 
copolymer with the following general f onnula: 

H0(C^H^0)JC3H0)^(C^H^0)^H 

wherein the molecular weight of the hydrophobe (C3H6O) is 
between approximately 3000 to 9000 and the percentage of hydrophUe 
(C2H4O) is between approximately 3% and 15% by weight which is 
formulated as a water-in-oil emulsion. The copolymers destabilize commonly 
used water-in-oil vaccine emulsions, but surprisingly increase their efficacy and 
increase stability if the usual emulsifying agents are omitfied 

It is also contemplated as part of the present invention an 
adjuvant comprising a non-toxic lipopolysaccharide. The non-toxic 
lipopolysaccharidc can be a naturally occurring lipopolysaccharide, such as the 
lipopolysaccharidc derived from Rhodopseudomonas sphaeroides, or a 
detoxified lipopolysaccharidc. It is contenqilated that the adjuvant is prepared 
&om a toxic lipopolysaccharidc wherein the sugar portion of the molecule is 
intact and the lipid A portion of the molecule has been modified tiiercby 
rendering the lipopolysaccharidc much less toxic. 

Hie improved vaccine of the present invention also conoprises an 
antigen and an adjuvant wherein the adjuvant conqnises a surface-active 
ccq>olymer with the following general formula: 

HO(C^H^O)^(C^HO)_(C^H^O)^H 

wherein the molecular weight of the hydrophobe (C3H6O) is 
between approximately 3000 to 9000 and the percentage of hydrophile 
(C2H4O) is between approximately 3% and 15% by weight and a 
lipopolysaccharidc (LPS) derivative. The adjuvant conqirising a combination of 
LPS and surface-active copolymer produces a synergy of effects in terms of 
peak titer, time to reach peak titer and lengtii of time of response. In addition, 
the combination tends to increase the protective IgG2 isotypes. 

The combination of lipid conjugated polysaccharide with 
copolymer and an immunomodulating agent such as monophosphoryl lipid A, 
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induces the production of a strong IgG response in which all of the subclasses 
of IgG are present. In particular, the IgG2 and IgG3 subclasses which are 
protective against pneumococcal infections are predominant. This is an 
unexpected finding because there is no protein or peptide in tht immunogen 
preparation. It is believed that peptide moieties are essential for stimulating T 
ceUs which are required for production of these isotypes. Others have reported 
that polysaccharides are incapable of stimulating T cells. Nevertheless, the 
combination of copolymer, lipid conjugated polysaccharide and 
immunomodulating agent is able to produce such a response. 

The present invention also comprises a vaccine that is especially 
useful for immunizing an animal or human against a protein, small peptide, 
polysaccharide, or hapten. According to the present invention, the protein, 
small peptide, polysaccharide or hapten is conjugated to the flagella that is 
derived from a microorganism. The flagella may be derived from any flagellated 
microorganism; however, those from Salmonella species are preferred. 

In addition, the flagella may be genetically engineered. 
Accordingly, it is an object of the present invention to provide a vaccine that is 
particularly effective in providing a prolonged and potent immune response to 
small immunogenic determinants. The conjugated flagella plus antigen is even 
more effective when admixed with a copolymer with the following general 
fomiula: 

HO(C H O) (C H O) (C H 0) H 

^ 2 4 'b^ 3 6 'a^ 2 4 'b 

wherein the molecular weight of the hydrophobe (C3H6O) is 
between approximately 3000 to 9000 and the percentage of hydrophile 
(C2H4O) is between approximately 3% and 15% by weight and a 
lipopoly saccharide (LPS) derivative. The adjuvant comprising a combination of 
LPS and surface-active copolymer produces a synergy of effects both in terms 
of peak titer and time to reach peak titer. In addition, the combination tends to 
increase the protective IgG2 isotypes. 

Accordingly, it is an object of the present invention to provide an 
improved adjuvant for administering with antigens comprising an adjuvant 
capable of inducing more intense immune responses to the antigens. 

Another object of the present invention is to provide a vaccine 
which induces stronger antibody responses to antigens in infants and young 
children and in aged people who respond poorly to conventional vaccines. 
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Another object of the present invention is to provide an adjuvant 
that will induce desired isotypes of antibodies. 

Another object of the present invention is to provide an adjuvant 
and vaccine which wiQ induce protective immune responses in very young and 
aged individuals who respond pooriy to conventional vaccines. 

Another object of the present invention is to provide an adjuvant 
and vaccine which will induce an appropriate balance of antibody and cell 
mediated immunity thereby providing the maximum protection against a 
particular disease. 

Another object of die present invention is to provide an adjuvant 
that will induce longer lasting antibody populations. 

Another object of the present invention is to provide a effective 
vaccine that can utilize a recombinant protein or a synthetic peptide to produce a 
sustained immune response capable of protecting an individual from infection 
by the malaria parasite. 

Another object of the present invention is to provide an effective 
vaccine that can utilize a syntiietic peptide of die AIDS virus to produce an 
immune response tliat is effective in preventing die disease. 

Yet another object of the present invention is to provide a 
vaccine that is capable of stimulating die immune system of an animal or human 
to produce a potent and prolonged IgG response to a small immunogenic 
determinant, such as a peptide, hapten or polysaccharide or a large molecule 
such as a protein or polysaccharide. 

Another object of die present invention is to provide a vaccine 
which has very low toxicity for humans or animals. 

Yet another object of the present invention is to provide a 
vaccine which causes little or no local allergic reaction. 

A further object of die present invention is to provide a vaccine 
which can be lyophilized. 

Another object of die present invention is to provide a 
replacement for Ercund's Complete Adjuvant for the production of antibodies in 
animals. 

It is yet anodier object of die present invention to provide an 
adjuvant diat will induce desired antibody isotypes. 
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Another object of the present invention is to provide an adjuvant 
that can be used with a conventional vaccine preparation. 

These and other objects, features and advantages of the present 
invention will become apparent after a review of the following detailed 
description of the disclosed embodiment and the appended claims. 

Brief Description of the Drawings 

Fig. 1 is a graph illustrating the antibody titer in a mouse 
immunized with trinitrophenol (TNP) conjugated to flagella protein from 
Salmonella. 

Fig. 2 is a graph illustrating the dose response of a mouse 
immunized with TNP conjugated to flagella protein from Salmonella. 

Fig. 3 is a graph comparing the immune response of a mouse 
immunized with TNP conjugated to hen egg albumin (HEA) and TNP 
conjugated to flagella protein from Salmonella, The graph also compares using 
the two compounds with and without the adjuvant T150R1. 

Fig. 4 is a graph illustrating the production of IgG antibody 
response in mice in response to immunization with TNPiQ-HEA and various 
adjuvants. 

Fig. 5 is a graph illustrating the adjuvant effects of copolymers 
with lyophilized TNPiQ-HEA antigen in oil-in-water emulsions of 2% 
squalane. 

Fig. 6 is a graph illustrating the adjuvant effects of an oil 
emulsion of silica with and without selected copolymers. 

Fig. 7 is a graph comparing copolymer adjuvants administered 
with soluble antigen, TNPiqHEA. 

Fig. 8 shows the influence of molecular weight of POP on 
antibody titer to TNPiqHEA, 

Fig. 9 shows the chemical structure of lipid A derivatives 
including lipid X, lipid IVA, monophosphoryl lipid A and (hexacyl MPL). 

Fig, 10 shows the structures of rough chemotype 
lipopolysaccharides of Enterobacteriaceae (SR to Re). Abbreviations: S, 
sugar, Glc, glucose; GlcNAc, N-acetyl glucosamine; Gal, galactose; Hep, L- 
glycero-D-mannoheptose; P. phosphate; EtN, ethanolamine; KDO, 2-keto-3- 
deoxyoctonate; GlcN, glucosamine; R, and R2, phosphoethanolamine or 
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aminoaiabinose (not picsent in E. coli). SR to Re indicates incomplete fonns or 
rough cfaemotypes of LPS. The Rc and Rdi chcmoiypes lack the phosphate 
attached to Hep. 

Fig. 1 1 shows the stracturc ofR. sphaeroides LPS. 

Rg. 12 shows the structure of detoxified RaLPS. 

Fig. 13 shows the IgG response on day 28 when TNP-HEA is 
administered to mice with and without detoxified RaLPS and/or L141 
copolymer. 

Fig. 14 shows the isotypc response to TNPiqHEA induced by 
whole toxic Upopolysacchaiide and detoxified RaLPS with and without the 
copolymers present 

Fig. 15 shows the IgG isoiypc concentrations to TNPiqHEA 
induced by L141 and/or TDM in combination with MPL. 

Fig. 16 shows the adjuvant effect of small LPS derivatives on 
the respOTse to TNPiqHEA. 

Fig. 17 shows the adjuvant effect for TNPiqHEA of larger LPS 
mutant of defined chain lengths in combination with copolymer L141. 

Fig. 18 shows adjuvant effect for TNPiqHEA of fictions of 
the largest LPS's containing varying amounts of 0-polysaccharide in 
combination with copolymer L141. 

Fig. 19 shows the changes in intensity and IgG isotype 
distribution to different molar ratios of pqptide conjugated to flagella. 

Fig. 20 shows a comparison between an adjuvant preparation 
according to die picsent invention and several commercially available adjuvant 
preparations. 

Fig. 21 shows die effect of detoxified LPS on an immune 

response. 

Fig. 22 shows dose response of detoxified LPS. 

Fig. 23 shows the effect of LPS plus L141 on an immune 

response. 

Fig. 24 shows the effect of LPS isolated from R. gelatinosa m 
combination with L141 on an immune response. 
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Detailed Description 

The present invention comprises an improved adjuvant. In one 
embodiment of the present invention, an andgen is admixed with an e£fecdve 
amount of an adjuvant, the adjuvant comprises a surface-active copolymer 
5 having the following general formula: 

HO(C H O) (C H O) (C H O) H 

wherein the molecular weight of the hydrophobe (C3H6O) is 

between approximately 4500 to 9000 and the percentage of hydrophile 

(C2H4O) is between approximately 3% and 15% by weight. The copolymers 

10 may be obtained from BASF Corporation, Parsippany, New Jersey or from 

CytRx Corporation, Adanta, GA. 

A preferred surface-active copolymer is a copolymer designated 

PLURONIC® L141 with the following formula: 

HO{C H O) (C H O) (C H O) H 
^ 2 4 'b^ 3 6 'a^ 2 4 'b 

15 wherein the molecular weight of the hydrophobe (C3H6O) is 

approximately 4600 and the percentage of hydrophile (C2H4O) is 
approximately 10% by weight. 

Another preferred surface-active copolymer is a copolymer 
designated PLURONIC® LI 80.5 widi the following formula: 
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HO(C H O) (0 H 0) (0 H 0) H 

^ 2 4 'b^ 3 6 'a^ 2 4 'b 



wherein the molecular weight of the hydrophobe (C3H6O) is 
approximately 5200 and the percentage of hydrophile (C2H4O) is 
approximately 5% by weight. 

Another preferred surface-active copolymer is a copolymer 
25 designated PLURONIC® L181.5 witfi the following formula: 

HO{C H O) {0 H O) (0 H O) H 
^ 2 4 'b^ 3 6 'a^ 2 4 'b 

wherein the molecular weight of the hydrophobe (C3H6O) is 

approximately 5200 and die percentage of hydrophile (C2H4O) is 

approximately 15% by weight. 

30 Another preferred surface-active copolymer is a copolymer 

designated PLURONIC® L190.5 with die following foraiula: 

HO(C H O) (C H O) (C H O) H 
^ 2 4 'b^ 3 6 'a^ 2 4 'b 
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wherein the molecular weight of the hydrophobe (C3H6O) is 
approximately 8600 and the percentage of hydrophile (C2H4O) is 
approximately 5% by weight 

An adjuvant formulation which is conten^lated as part of the 
present invention is comprised of oil such as animal oil, such as squalane or 
squalene, vegetable oil or mineral oil, a non-ionic surface active agent suitable 
for forming watcr-in-oil emulsions such as Span 80 (sorbitan monooleate), 
silica and a surface active cq)olymer with the following general formula: 

wherein the molecular weight of the hydrophobe (C3H6O) is 
between approximately 3000 to 9000 and the percentage of hydrophile 
(C2H4O) is between approximately 3% and 15% by weight In addition, die 
surface active copolymer can be an octablock copolymer with die following 
15 general formula: 

(C2H40)^{C3H60)i, y(C3HeO)b(C2H40)a 

NH2C-CNH2 

(C2H40)3{C3H60)/ ^(C3HeO)b(C2H40)a 

wherein: 

20 the molecular weight of the hydrophobe portion of the octablock 

copolymer consisting of (C3H6O) is between approxinaately 5000 and 7000 
daltons; 

a is a number such that the hydrophile portion represented by 
(C2H4O) constitutes between approximately 10% and 40% of the total 
25 molecular weight of die compound; 

b is a number such diat die (C3H6O) portion of the octablock 
copolymer constitute between approximately 60% and 95% of the compound 
and a lipopolysaccharidc derivative. 

The preferred amounts of the components are approximately 
30 40% to 90% by weight of squalene, 2% to 50% by weight soibitan monooleate, 

approximately 0.5 to 10 % by weight of silica and approximately 2% to 10% by 
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weight of the surface active copolymer. A preferred surface-active copolymer is 
PLURONIC® L141. The silica particles are preferably approximately 0.5 to 20 
\i in diameter. 

Another adjuvant which is contemplated as part of the present 
5 invention are non-toxic lipopolysaccharides and detoxified toxic 

lipopolysaccharides. These are lipopolysaccharides which either are inherently 
non-toxic or are toxic lipopolysaccharides which have been chemically modified 
to reduce the toxicity. This includes mild alkaline hydrolysis of fatty acids. 

Naturally occurring non*toxic lipopolysaccharides include, but 

10 are not limited to, those lipopolysaccharides that are associated with the 

Rhodopseudomonas species, including R. sphaeroides, R. acidophilia, R, 
blastica, R. gelatinosa, R. capsulata, R. palustris and R. viridis. There arc 
several methodologies for detoxifying toxic lipopolysaccharides available. 
Some of these methods are referred to in the Examples. These methodologies 

15 generally include chemical modificadon of the lipid A part of the molecule. It is 

important to note that the detoxified lipopolysaccharide is a toxic 
lipopolysaccharide wherein the polysaccharide pordon of the molecule is intact 
and the lipid A portion of the molecule has been modified by removal of fatty 
acids, thereby rendering the lipopolysaccharide much less toxic. 

20 The improved adjuvant of the present invention also comprises a 

lipopolysaccharide derivative combined witii a surface-active copolymer witii 
the following general formula: 

HO(C H O) (C H O) (C H O) H 
^ 2 4 'b^ 3 6 'a^ 2 4 'b 

wherein the molecular weight of the hydrophobe (C3H6O) is 
25 between approximately 3000 to 9000 and the percentage of hydrophile 

(C2H4O) is between approximately 3% and 15% by weight. The present 
invention also comprises a lipopolysaccharide derivative combined with an 
octablock copolymer with the following general formula: 

i02^4^)a (CaHeOb (C3HeO)i,(C2H40), 

NH9C-CNH2 

/ \ 
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(C2H40)3 (CgHgOi," ^ (C3HeO)b(C2H40), 
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wherein: 

the molecular weight of the hydrophobe portion of the octablock 
copolymer consisting of (C3H6O) is between approximately 4000 and 9000 
daltons, preferably 5000 to 7000 daltons; 

a is a number such that the hydrophile portion represented by 
(C2H4O) constitutes between approximately 5% and 40% of the total molecular 
weight of the corqxjund; 

b is a number such that the (C3H6O) portion of the octablock 
copolymer constitute between approximately 60% and 95% of the COTipound 

The (C3H6O) portion of the copolymer can constitute up to 95% 
of the compound The (C2H4O) portion of the copolymer can constitute as low 
as 5% of the conipound. 

The adjuvant comprising a combination of LPS and surface- 
active copolymer produces a synergy of effects both in terms of peak titer and 
time to reach peak titer. In some cases, especially with the lower molecular 
weight lipopolysaccharides, the initial titer is higher and then is slightly 
depressed with time, With tfie higher molecular weight lipopolysaccharides, the 
initial titer is higher and the response remains high over time. VTith all of the 
lipopolysaccharides, the combination tends to increase the protective IgG2a and 
IgG2b isotypes. This is unexpected because the LPS, by itself, has been 
reported to act as an adjuvant to induce a predonainantly IgGl immune 
response. 

The improved adjuvant also comprises a surface-active 
copolymer with die following general f cmiula; 

wheiein the molecular weight of the hydrophobe (C3H6O) is 
between approximately 3000 to 9000 and the percentage of hydrophile 
(C2H4O) is between approximately 3% and 15% by weight and a reverse 
octablock copolymer with the following general fonmula: 
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NHgC-CNHg 

(C3H60)b(C2H40)^/ '^(C2H40)a(C3HeO)b 



wherein: 

the molecular weight of the hydrophobe portion of the octablock 
5 copolymer consisting of (C3H6O) is between approximately 5000 and 7000 

daltons; 

a is a number such that the hydrophile portion represented by 
(C2H4O) constitutes between approximately 10% and 40% of the total 
molecular weight of the coxnpound; 
10 b is a number such that the (C3H6O) portion of the octablock 

copolymer constitutes between approximately 60% and 90% of the compound. 

The (C3H6O) portion of the copolymer can constitute up to 95% 
of the compound. The (C2H4O) portion of the copolymer can constitute as low 
15 as 5% of the compound. 

a is a number such that the hydrophile portion represented by 
polyoxyethylene (C2H4O) constitutes between approximately 5% to 40% of the 
total molecular weight of the compound; 

the mean aggregate molecular weight of the hydrophobe portion 
20 of the octablock copolymer consisting of polyoxypropylene (C3H6O) is 

between approximately 4000 and 8000 daltons; and b is a number such that the 
polyoxypropylene (C3H6O) portion of the total molecular weight of the 
octablock copolymer constitutes between approximately 60% and 90%. 

The (C3H6O) portion of the copolymer can constitute up to 95% 
25 of die compound The (C2H4O) portion of die copolymer can constitute as low 

as 5% of the compound. 

The improved adjuvant also comprises a surface-active 
copolymer with the following general fonnula: 
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HO(C H O) (C H O) (C H O) H 
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wherein the molecular weight of the hydrophobe (CsHgO) is 
between approximately 3000 to 9000 and the percentage of hydrophile 
(C2H4O) is between approximately 3% and 15% by weight and an octablock 
copolynoer with die following general foEmuila: 

(CaH^O^CCgHeO). /(C3H60)b(C2H40)a 

NHpC-CNHg 

(C2H40)3(C3H60)/ ^(C3HeO)b{C2H40)a 

wherein: 

the molecular weight of the hydrophobe portion of the octablock 
copolymer consisting of (C3H6O) is between approximately 5000 and 7000 
daltoQs; 

a is a number such that the hydrophile portion represented by 
(C2H4O) constitutes between approximately 10% and 40% of the total 
molecular weight of the conqx>und; 

b is a number such that the (C3H6O) portion of the octablock 
copolymer constitutes between approximately 60% and 90% of the compound. 



The (C3H6O) portion of the copolymer can constitute up to 95% 
of the compound The (C2H4O) portion of the copolymer can constitute as low 
as 3% of the compound. 

The present invention also includes vaccines which comprise 
antigens and the aforementioned adjuvants. 

The present invention also comprises a vaccine that is especially 
useful for immunizing an animal or human against a polysaccharide, protein, 
small peptide or other hapten. According to the present invention, the small 
peptide or hapten is conjugated to flagella tiiat is derived fiom a microorganisoL 
The flagella may be derived from any flagellated microorganism; however, 
those from Salmonella species are preferred. It is to be understood diat ±c 
preferred bacterial species from vMob the flagella are derived for any particular 
application is dependent upon tiie particular antigen requirements of the 
application and is not critical for this invention. 
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Some bacteria possess a single flageUum v^iiile others have a tuft 
of flagella and still others have flagella distributed over the entire cell surface. 
Bacterial flagella are between 10 and 35 nm in diameter and may sometimes 
exceed 10 to 15 jim in length, or many times the diameter of the cell. Most 
bacterial flagella show a regular and uniform curi with a wavelength of about 
2.5 ^im- 

When bacterial flagella, which are inotein in nature, are acidified 
to pH=3, they dissociate into identical monomeric subunits called flagellin, 
which has a molecular weight of approximately 40,000 in most species. Under 
appropriate conditions of pH and salt concentration, flagellin monomers will 
spontaneously reaggregate to form structures tiiat appear to be identical widi 
intact flagella possessing periodic curls of die same wavclengtii as die native 
flagella. 

Intact bacterial flagella in the native form or fixed with a number 
of fixative agents can be used in practicing die present invention. Additionally, 
repolymerized flagellin is satisfactory in practicing die present invention. It is 
believed that an essential component of the present invention is that die 
preparation consists of a polymer composed of flagellin molecules regularly 
spaced in a geometric pattern to produce the elongated flagellar structure typical 
of the particular micioorganisnL 

A number of procedures for preparing flagella from bacterial 
cultures have been developed and are well-known to diose of ordinary skill in 
tile art The preferred procedure is a modification of the procedure of 
Kobayashi, et aL, as described herein. 

Salmonella typhi organisms of strain TY2 are grown in motility 
agar. The highly motile organisms should be selected because diey produced the 
most flagella. Organisms are tiien inoculated in 20 liters of tiypticase soy brotii 
and incubated at 37*^0 for approximately 30 hours until die end of die log phase 
of growdi. The organisms may be killed at this time by die addition of 
formaldehyde to produce a 0.3% suspension. The organisms are preferably 
collected by centiifugation; however, care should be taken to avoid pixxluction 
of excessive shear force. The flagella are dien removed from die organisms by 
shaking vigorously for 20 minutes in a shaker. Otfier mixes and devices which 
produce a shear force to break off die flagella widiout disrupting die organism 
are equally satisfactory. 
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The flagella arc then separated from the cell bodies by 
differential centrifugation. The cell bodies are removed by centrifuging at 
approximately 2000 ipm in a standard laboratory centrifuge. The flagella are 
then collected by ultracentrifugation at 30,000 rpm. The flagella are then 
5 resuspended and recentrifuged in an ultracentrifuge, and soluble contaminadng 

materials are poured off. Large contaminating materials will fonn a black spot at 
the bottom of the transparent flagella pellet This material is physically removed 
and discarded The end product derived from 20 liters of bacterial culture will 
be approximately 100 mg of purified flagella. 

10 Bagellinniay be pnxluced by acidifying uiifixed flagella at a pH 

of q)proxiixiately 2 overnight This treatment dissociates the flagellar proteins to 
produce the monomers of flagellin which have a molecular weight of 
approximately 30,000, The monomers reassemble into the polymmzed flagella 
when allowed to stand at neutral pH for a period of at least 24 hours. The 

15 repolymerizedflagellinisneariy as effective as the riatLveflagcUa as an adjuvant 

and carrier for small antigen mdedes. The monomeric flagellin or proteolytic 
cleavage fragments of flagellin protein are very nouch less effective. 

The antigen, i.e., protein, polysaccharide, hapten or peptide 
moieties, can be chemically conjugated to the flagella by any oac of the standard 

20 means well known to those of ordinary skill in the art One of the simplest and 

most effective means is by using glutcraldehyde. Gluteraldehyde is a divalent 
cross-linking conqxKind which covalenfly attaches the peptide to the flagella and 
further fixes the flagella preparation. Other chemical cross-linking reagents or 
chemical antigen derivatives, such as dinitrofluorobenzene, are effective. Hie 

25 methods of conjugating an antigen, hapten or peptide moieties are well known 

to tiiose of ordinary skill in the art. 

The amounts of antigen attached to the flagella varies with the 
particular application and is not a critical component of this invention. 
Preferably, between 2 and 10 peptide or hapten units per flagellin monomer in 

30 die flagella preparation is sufficient Snaaller multiples are needed for larger 

protein or polysaccharide antigens. 

The conjugated flagella preparation is purified by dialysis, 
centrifiigation, or any other standard metiiod The material is then resuspended 
in saline at a concentration approximating 100 [ig/ml. 
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This preparation is effective in low doses between 1 and 100 
per injection. A dose of 10 |ig produces a satisfactory response in many 
situations. The material can be injected by any convenient route, intravenous, 
subcutaneous, intramuscular, or intraperitoneal. The subcutaneous or 
intramuscular route is usually the most convenient for many vaccine purposes. 

As an example, injections of 20 of Salmonella typhi flageUa 
conjugated with dinitrophenol resulted in IgG antibody titers specific for the 
hapten DNP which rose at the end of the first week after injection and persisted 
for over one year. 

Persistence of the immune response to flagella and to antigenic 
moieties conjugated to flagella is unusual and unexpected. The material does not 
fonn a local depot of antigen at the site of injection. Approximately 90 to 95% 
of the injected dose of flagella is broken down and excreted within 24 hours. A 
portion of the material is retained for a prolonged time in gemunal centers 
within local lymph nodes. It is believed that the presence of this antigen in 
genninal centers is responsible for the prolonged antibody production. 

This invention has numerous advantages over other available 
adjuvant preparations. It produces very litde inflammation at the site of injection 
and is entirely biodegradable. This contrasts sharply with oil emulsions or 
mineral salts, such as aluminum. Very small doses of antigen are required to 
produce prolonged immune responses. A significant portion of the antibody is 
complement-fixing IgG which is the type required for protection against 
malaria, sporozoites, and other important infections. The product is stable 
especially when prepared with fixatives, such as gluteraldehyde. It can be 
lyophilized and stored at room temperature indefinitely. When reconstituted 
with saline, it is stable for several weeks with refirigeration and several days at 
room temperature. 

Unlike live attenuated vaccines which may produce infections in 
susceptible hosts, this vaccine preparation consists only of polymerized protein 
with traces of polysaccharide. 

The preferred dose of a vaccine prepared according to the 
present invention is between 5 |Xg and 500 ^ig. The optimal dose for any 
vaccine will depend upon the antigen that is conjugated with the flagella protein 
and the inmaunological condition of the animal or human that is being 
vaccinated. 



92/00101 



PCr>TJS91/04716 



26 



The vaccine of the present invention also includes the 
administration of the vaccine with an adjuvant to further enhance the immune 
response. The preferred adjuvant that can be used widi the vaccine of the 
present invention is a block copolymer that conoprises a polymer of hydrophilic 
polyoxyethylene built on an ethylene diamine initiator. Polymers of 
hydrophobic polyoxypropylene are then added to a block of hydrophilic 
polyoxyethylene. This results in an octablock copolymer with the following 
general fonnula: 

(C2H40)^(C3HgO). y(C3H60)b(C2H40)a 

NH2C-CNH2 

(C2H40)a iC^Hp)^^^ \ (C3HeO)b(C2H40)a 

wherein: 

the molecular weight of the hydrojAobe portiOT of the octablock 
copolymer consisting of (C3H6O) is between approximately 5000 and 7000 
daltons; 

a is a number such that the hydrophile portion represented by 
(C2H4O) constitutes between approximately 10% and 40% of the total 
molecular weight of the conqiound; 

b is a number such that the (C3H6O) portion of the octablock 
copolymer constitutes between approximately 60% and 90% of the compound. 

The (C3H6O) portion of the copolymer can constitute up to 95% 
of the compound The (C2H4O) portion of the copolymer can constitute as low 
as 5% of the con^uni 

The preferred adjuvant has the following formula: 

(C2H40)3(C3H60). y(C3H60)b(C2H40)a 

NHgC-CNHg 

(C2H40)3(C3H50),/ '^(C3Hg0)b{C2H4O)a 



wherein a is equal to J5)pn>ximately 5 and b is equal to approximately 32. 
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Another copolymer that can be used with the vaccine comprising 
the present invention has the following formula: 

HO(C H 0)(C H O) (C H O) H 

^ 2 4 'b^ 3 6 'a^ 2 4 'b 

wherein the molecular weight of the hydrophobe (C3H6O) is 
between approximately 2000 to 5500 and the total molecular weight of the 
compound is between approximately 2300 and 5500. 

The prefenred adjuvant has the following fomiula: 

HO(C H O) (C H O) (C H O) H 

^ 2 4 'b^ 3 6 2 4 'b 

wherein the molecular weight of the hydrophobe (C3H6O) is 
approximately 4600 and the percentage of hydrophile (C2H4O) is 
approximately 10% by weight 

Another preferred adjuvant has the following formula: 

HO(C H O) fC H O) (C H O) H 
^ 2 4 'b^ 3 6 'a^ 2 4 'b 

wherem the molecular weight of the hydrophobe (C3H6O) is 
approximately 5200 and the percentage of hydrophile (C2H4O} is 
approximately 10% by weight. 

The polymer blocks are fonned by condensation of ethylene 
oxide and propylene oxide onto a tetrafunctional ethylene diamine initiator at 
elevated temperamrc and pressure in the presence of a basic catalyst. There is 
some statistical variation in the number of monomer units which combine to 
form a polymer chain in each copolymer. The molecular weights given are 
approximations of the average weight of copolymer molecule in each 
preparation. A further description of the preparation of these block copolymers 
is found in U.S. Patent No. 2,674,619 and U.S. Patent No. 2,979^28 which 
are incorporated herein by reference. 

The published molecular weight for poloxamers and 
poloxamines is commonly determined by the hydroxyl method. The end 
groups of polyether chains are hydroxyl groups. The number averaged 
molecular weight can be calculated from the analyticaUy determined "OH 
Number" expressed in mg KOH/g sample. It should be understood that the 
absolute value of the molecular weight of a polydisperse compound can be 
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different depending upon the methodology used to determine the molecular 
weight Thus, it is important to know by what method the molecular weight of 
the coi>olymer has been determined. As used herein, the molecular weights of 
all of the copolymers was determined by the hydroxyl method, A slightly 
different number is obtained when the molecular weight is determined by 
another method such as hig^ performance liquid chromatography. 

The vaccine which comprises the present invention is mixed 
with the octablock copolymer and administered to the human or animaL The 
preferred amount of adjuvant administocd with the vaccine of the present 
invention is between approximately 0.1 mg and 5.0 mg with tiie most preferred 
amoimt between approximately 05 mg and 2 mg. 

Another embodiment of the adjuvants of the present invention 
art various derivatives of lipid A. The structures of the various species of lipid 
A are described in articles by TakayBxnsL, K^etal. and Raetz, CR.tt, both of 
which arc incorporated herein by rcfeience.15.16 Monophosphoryl lipid A has 
lower toxicity than the complete lipid A molecule but has a lower toxicity to 
animals tiian does the con^lete l^id A. lipid IV A and lipid X arc precursors in 
the biosynthesis of lipid A. The structures of some of the lipid A derivatives 
that are contemplated as part of the present invention are shown in Figs. 10 
through 13. 

Several recent reports have implicated IgG2a antibodies as 
conferring protection against several viral and bacterial infections. IgG2b 
antibody has been less well studied but has also been reported to be protective. 
Antibody of die IgGl subclass does not fix cwnplement and is thought to be of 
considerably less protective efficacy in many situations, Consequendy, the 
ability of LPS derivatives to shift the antibody response toward the IgG2 
isotypes, especially when admixed witii copolymers, can be expected to 
increase the efficacy of vaccines. 

Antigens that can be used in the present invention are 
conqwunds which, when introduced into a mammal, wU result in the formaticm 
of antibodies. Representative of the antigens tiiat can be used according to the 
present invention include, but are not limited to, natural, recombinant or 
syntiietic products derived from viruses, bacteria, fungi, parasites and other 
infectious agents in addition to autoimmune diseases, hormones or tumor 
antigens which rnight be used in prophylactic or therapeutic vaccines. The viral 
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or bacterial products can be components which the rganism produced by 
enzymatic cleavage or can be components of the organism that were produced 
by recombinant DNA techniques that are well-known to those of ordinary skill 
in the art. The following is a partial list of representative antigens: 



Viruses 
HIV 

Rotavirus 

Foot and mouth disease 
10 _ Influenza 

Parainfluenza 

Herpes species, Herpes simplex, Epstein Barr virus 
Chicken pox, pseudorabies 

Rabies 
^15 Polio 

H^iatitis A 

Hepatitis B 

Hepatitis C 

Measles 
20 Distemper 

Venezuelan equine encephalomyelitis 

Rota virus 

Feline leukemia vims 
Reovirus 

25 Respiratory sycytial virus 

Lassa fever virus 

Polyoma tumor virus 

Canine parvoviras 

Bovine p^illoma virus 
30 Tick borne encephalitis 

Rinderpest 

Human rhinovirus species 

Enterovirus spedes^ Mengo virus 

Paramyxovirus 
35 Avian infectious bronchitis virus 

Bacteria 

Bordetella pertussis 

Brucella abords 

Escherichia coll 
40 Salmonella species, salmonella typhi 

Streptococci 

Cholera 

Shigella 

Pseudomonas 
45 Tuberculosis 

Leprosy 



Ricketsial Infections 

Rocky mountain spotted fever 
50 Thyphus 
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Parasites 

Malaria {Plasmodium, falciparum, P. vivax, P. malariae) 
Schistosomes 
5 Trypanosomcs 

Fungus 

Cryptococcus neoformans 

10 Subunit recombinant proteins 

Heipes simplex 

Epstein Bair virus 

Hepatitis B 

Pseudorabies 
15 Flaviviius, Denge, Yellow fever 

Neisseria gonorrhoeae 

Malaria: circumsporozoite protein, merozoite protein 
Tiypanosome surface antigen protein 
Pertussis 
20 Alphaviruscs 
Adenovirus 

Proteins 

Diphtheria toxoid 
25 Tetanus toxoid 

Meningococcal outer membrane protein (OMP) 
Streptococcal M protein 
Hepatitis B 

Influenza hemagglutinin 

30 

Synthetic peptide 
Malaria 
Influenza 

Foot and mouth disease virus 
35 Hepatitis B, Hepatitis C 

Polysaccharide 

Pneumococcal polysaccharide 
Haemophilis influenza 
40 polyribo^l-ribitolphosphate (PRP) 

Neisseria meningitides 
Pseudomonas aeruginosa 
Klebsiella pneumoniae 

45 Oligosaccharide 

Pneumococcal 

Haptens are con5)ounds which, when bound to an immunogenic 
carrier and introduced into a chordate, will elicit fomaation of antibodies specific 
50 for the hapten. Representative of the haptens are steroids such as estrogens and 

cortisones, low molecular weight peptides, other low molecular weight 
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biological compounds, drugs such as antibiotics and chexnotherapeutic 
compoiuids, industrial pollutants, flavoring agents, food additives, and food 
contaminants, and/or their metabolites or derivatives. 

In addition to the foregoing embodiments of the present 
invention, addition of certain of the copolymers to silica suspensions has 
provided an unexpected increase in the adjuvant activity of the composition. 

Silica is a known adjuvant, but its use has been lin[iited by 
toxicity, especially fibrosis. This toxicity is reduced and the effectiveness 
increased by incorporation of the silica into an oily vehicle with or without other 
adjuvant moieties such as surface^active copolymers or LPS. The dose and 
toxici^r of silica are reduced, while the effectiveness is increased by the present 
invention. Preferably, the oU emulsion comprises an oil and silica particles with 
the emulsion cooqirising between 40% and 99% oil. A preferred oil is squalane 
(Sigma Chemical Company, St Louis, MO). In addition to the oil, one can 
optionally add a detergent or mixture of detergents to the oil. Examples of 
detergents that can be used in die present invention are polyoxyethylenesorbitan 
(Tween) and sorbitan (Span) (Sigma Chemical Company, St. Louis, MO). 
However, copolymers such as PLURONIC® L121 are frequentiy preferable. 

Since, certain components of vaccine adjuvants are liable to 
oxidation, antioxidants have been included as preservatives. The oil vehicle 
squalene is particularly susceptible to oxidation. The block copolymers may 
also be affected. Many antioxidants are available which are potentially 
acceptable to prevent oxidative degradation of vaccine components. Examples 
of these, tocopherol (vitanun E) or tocopherol derivatives, were found to have 
the ability to enhance adjuvant activity in addition to preventing oxidation. It 
has been found that the antioxidants are particularly effective in increasing 
immune responses and reducing local inflammation in addition to serving as an 
antioxidant when used in combination with the block copolymer or silica 
emulsions. Thus, it is contemplated as part of the present invention the 
admixture of antioxidants, such as tocopherol or tocopherol derivatives, with 
the adjuvants and vaccines described herein. 

The following specific examples will illustrate the invention as it 
applies to enhancing the immune response of an organism to small haptens. It 
will be appreciated tiiat otiier examples will be apparent to those of ordinary 
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sldll in the art and that the invention is not limited to these specific illuso^ve 
examples. 

Example 1 

Salmonella typhi organisms of strain TY2 are grown in motility 
agar. Organisms are then inoculated in 20 liters of tiypticase soy broth and 
incubated at 37° for 30 hours until the end of the log phase of growth. The 
organisms are killed at this time by the addition of formaldehyde to produce a 
0.3% suspension. The organisms are collected by centrifiigation. Care should 
be taken to avoid production of excessive shear force. The flagella are then 
removed horn the organisms by shaking vigorously for 20 minutes in a shaker. 
Other mixes and devices which produce a shear force to break off the flagella 
without disrapdng die organism are equally satisfactory. 

The flagella are then separated firom die cell bodies by 
15 differential centrifiigation. The cell bodies are removed by ccntrifiiging at 2000 

rpm in a standard labOTatory centrifuge. The flagella are then collected by 
ultracentrifugation at 30,000 rpm. After the ultracentrifiigation, the flageUa are 
resuspended and recentrifuged in an ultracentrifuge, and soluble contaminating 
materials are poured off. Large contaminating materials form a black spot at the 
20 bottom of the transparent flagella pellet This material is physically removed and 

discarded. The end product derived firom 20 liters of bacterial culture is 
approximately 100 mg of purified flagella. 

Example 2 

25 Flagellin is produced by acidifying the flagella at a pH of 

approximately 2 for 12 hours. This treatment dissociates the flagellar proteins to 
produce monomers of flagellin which have a molecular weight of approximately 
30,000, The monomers reassemble into the polymerized flagella when allowed 
to stand at neutral pH for a period of at least 24 hours. 

30 

Example 3 

Gluteraldehyde is a divalent cross-linking compound which 
covalendy attaches the peptide to the flagella and further fixes the flagella 
preparation. These methods of conjugating a functional group to a protein are 
35 well-known to one of ordinary skill in the art. Other chemical cross-linking 
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reagents or chemical antigen derivatives, such as dinitrofluorobenzene are 
effective. 

Example 4 

The conjugated flagella preparation is purified by dialysis, 
centrifugation, or any other standard method. The material is then resuspended 
in saline at a concentration approximating 100 p.g/ml. This preparation is 
effective in low doses between 1 and 100 ^g per injection. A dose of 10 ^g 
produces a satisfactory response in many simations. The material can be 
injected by any convenient route, intravenous, subcutaneous, intramuscular, or 
intraperitoneal. The subcutaneous or intramuscular route is usually the most 
convenient for many vaccine purposes. 

Example 5 

Detoxification of Ra-LPS (Ra-detox) is performed as foUows: 
Ra-LPS obtained from E. coli EH-100 (10.0 mg) is suspended in S.O ml of 
water, sonicated for 15 minutes, and incubated at 100*^0 for 5 minutes. One- 
thirtieth volume of triethylamine is added to the sample inunediately after 
removal from incubation and is added to the sample immediately after removal 
ixom incubation and mixed well. This sample is allowed to stand at room 
temperature (22°C) for 4 days. The sample is then lyophilized and the free fatty 
acids liberated by the treatment is extracted with hexane. The remaining residue 
constitutes the Ra-detox. Analytical TLC of the sample hydrolyzed in 0.1 M 
HCll'7 revealed that the pattern of the MPL had shifted from the hexaacyl- 
pentaacyl to the pentaacyl-tetracyl forms. A single 3-hydroxymyristic acid at 
the 3 position of the lipid A is thought to be released resulting in the formation 
of predominantiy pentaacyl Ra-LPS with reduced endotoxic activity. 
Detoxified LPS can be prepared from a variety of other LPS forms, including, 
but not linaited to, the Ra-LPS from S. minnesota R60 or 5. typhimwrium 
TV119 as well as the SR-LPS from S, typhimurium SF1512 and used as 
adjuvants. 

Example 6 

An ELISA assay is used for the determination of antibody 
directed against the trinitrophenol hapten. It is a modification of the method 
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originally published by Saunders, W The assay uses a protein, bovine scrum 
albumin, hydiogel to reduce denaturation of proteins adherent to the plastic 
support and the use of proteins and surfactants to reduce non-specific 
adsorption of proteins which tend to increase background and reduce 
sensitivity. Glutaraldehyde is used to attach antigen to BSA coated 96-well 
microtiter plates. Unbound glutaraldehyde is washed off. Antigen added to the 
plates attaches to the plate covalently via the free aldehyde groups of 
gluteraldehyde. 

Remaining aldehyde groups are blocked widi lysine and the plate 
is ready to use. The plates are incubated with various dilutions of antiserum, 
washed and then a second antibody such as pcroxidase-conjugatcd goat anti- 
mouse IgG or one of the subclasses* The plates are washed and substrate (e.g., 
orthophcnylenc diamine with peroxide) is added. The resulting absorbance at 
492 nm is read by a Titertek Multiscan photometer. The titer of antibody is 
calculated as the dilution of aiitisenim required to produce a 1/3 to 1/2 niaxiii^ 
optical density of the background. This is normalized by comparison to a 
reference antiserum simultaneously with the sanple. This facilitates coii5)aiiscm 
of titers run on different days. The relative avidity of antibodies in relation to 
one another is estimated by analysis of the slope of the curve of optical density 
versus serum dilution. 

Similar EUSA assays can be developed for many antigens 
including proteins, peptides and polysaccharides by those of ordinary skill in 
the art In addition, one to four molar ammonium thiocyanate can be added to 
the ELIS A wells after the first antibody to promote detachment of low avidity 
antibodies and thereby provide a more quantitative measure of avidity. 

Example 7 

In tiie following experiment, 25 ^ig of flagella conjugated witii 
an average of 4 TNP molecules per flagella is administered to mice via a hind 
footpad. The TNP-conjugated flagella is administered in a volume of 0.5 ml of 
saline. Antibody specific for TNP is measured at the following times after 
administration of die TNP-conjugatcd flagella: 8 days, 19 days, 30 days, 50 
days and 90 days. The results of this experiment are shown in Fig. 1. As can be 
seen, the immune response to the TNP-conjugated flagella is still significandy 
high even after 90 days. The response to conventional TNP conjugates, such as 
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TNP-conjugated hen egg albumin is much shorter in duration and the antibody 
dters are much lower. Animals frequendy do not respond at all with detectable 
andbody to a hapten on a soluble protein cairier after a single injection. 

Example 8 

The dose response of a mouse is measured by administering 
varying doses of TNP-conjugated flagclla. Flagella conjugated with an average 
of 4 TNP molecules pw flagellin molecule (molecular weight approximately 
40,000) is administered to mice via a hind footpad. The TNP-conjugated 
flagella is administered in a volume of 0.3 ml of saline. The following 
concentrations of TNP-conjugated flagella are administered to mice: 4 ^g, 
10,M-g, 25|ig and 50 \ig. The antibody produced in response to the TNP- 
conjugated flagella is measured 8 days and 19 days after administration of the 
TNP-conjugated flagella. The results of this experiment are shown in Fig. 2. 

Example 9 

A comparison of the immunologic response of mice to TNP 
conjugated to hen egg albumm (HEA) and TNP conjugated to bacteria flagella 
protein is shown in Fig. 3. In this experiment, TNP is conjugated to HEA using 
the reactive derivative trinitrobenzene sulfonic acid (TNBS) in the same fashion 
as flagella. 100 |xg of the TNP-conjugated HEA or 25 \ig of TNP-conjugated 
flagella are administered to mice via a hind footpad. Ten days after 
administration of the TNP-conjugated proteins, antibody titer is measured 
according to Example 6. As shown in Fig. 3, the TNP-conjugated flagella 
induced a significantly greater immune response, as measured by antibody titer, 
than did the TNP-conjugated HEA. It should be noted that the amount of TNP- 
HEA administered in this experiment is four times the amount of TNP- 
conjugated flagella (100 ^ig of TNP-HEA versus 25 ng of TNP-conjugated 
flagella). 

Example 10 

The same preparations used in Example 9 are administered to 
mice witii the addition of 1.0 mg of T150R1 adjuvant. 100 \ig of the TNP- 
conjugated HEA or 25 ^g of TNP-conjugated flagella are administered to mice 
via a hind footpad. Ten days after administration of the TNP-conjugated 
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proteins with the adjuvant, antibody titer is measured according to Example 6, 
The results of these experiments are summarized in Fig. 3. As shown, the 
adjuvant raised the immune response to both the TNP-conjugatcd BE A and the 
TNP-conjugaied flagella. However, the TNP-conjugated flagella induced a 
5 significantly greater immune response than did the TNP-conjugatcd HEA. 

Similar experiments were done with keyhole linqTCt hemocyanin (KUI) instead 
of HEA with similar results. KLH was more effective than HEA, but less 
effective than flagella as a carrier. 

10 Example 11 

Because the block copdymer adjuvants appear to act via distinct 
mechanisms, there is a possibility of incorporating them in more complex 
formulations to optimize activity for particular applications, TNPio-HEA is 
prepared in oil-in- water emulsions with 1.0 mg of the surf5ace-active copolymer 

15 with die following formula: 

wherein the molecular weight of the hydrophobe (C3H6O) is 
approximately 4600 and the percentage of hydrophile (C2H4O) is 
approximately 10% by weight. 

The surface-active copolymer is prepared in oil-in-watcr 
emulsions with TNPio-HEA and a variety of lipid A derivatives including the 
Re-LPS and monophosphoryl lipid A from two sources. In addition, two 
precursors of lipid A, lipid IVA and lipid X are evaluated. The LPS and both 
lipid A preparations produced a striking increase in antibody response over that 
25 of the triblock copolymer alone. The oil (2% Squalane) and copolymers are 

mixed witfi dry trinitrophenyl conjugated hen egg albumm (TNPiQ-HEA) and 
subsequently homogenized in PBS, pH 7.4, with 0,2% Tween-80. Mice are 
given 50 ^iL divided between both rear footpads. The doses per animal arc 50 
^ig antigen. 0,6 mg L141, and 0.1 mg T150R1, The combination of adhesive 
30 and ionophore copolymers produced a marked increase in antibody response 

over that of either alone. The results of this experiment are found in Figs. 4 and 
5, 

The bars labeled MPL-TDM and TDM are preparations 
commercially available from Ribi Immunochemical (Hamilton, Montana), These 
35 adjuvants are prepared according to instructions supplied with the adjuvants. 



20 



wo 92/00101 



PCT/US91/04716 



37 



As can be seen, the commercial adjuvants MPL-TDM and TDM 
invoked a minimal response in the mouse compared with other preparations. 
However, the various combinations of copolymers and lipid A derivatives 
caused unexpectedly high titers of antibody. 

5 

Example 12 

Adjuvant effects of copolymers with lyophilized antigen in oil- 
in- water emulsions of 2% squalane axe evaluated. Oil and copolymer are mixed 
with dry TNPiQ-HEA and subsequently homogenized in PBS, pH 7.4, with 
10 0.2% Tween-80. Mice are given 50 ^lL divided between both rear footpads. 

The doses per animal are 50 antigen, 0.6 mg triblock copolymer designated 
L141 and 1 mg of the copolymer designated T150R1. 

The copolymer designated L141 has die following structure: 
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HO(C H O) JC H O) (C H O) H 

^ 2 4 'b^ 3 6 'a^ 2 4 'b 



wherein the molecular weight of the hydrophobe (C3H6O) is 
approximately 4600 and the percentage of hydrophile (C2H4O) is 
approximately 10% by weight 

The copolymer designated T150R1 is an ionophore and has the 
20 following formula: 

(C3H60)b(C2H40)a .(CgH^OaCCaHgO)^, 

NH2C-CNH2 



wherein a is equal to approximately 5 and b is equal to approximately 32, 
25 The results of this experiment is shown in Fig, 5. As can be 

seen, the combination of the triblock copolymer and the reverse octabiock 
copolymer gives a synergistic adjuvant effect. 
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Example 13 

In this experiment, 50 ^ig lyophilized TNPio-HEA (10.4 TNP 
per mole) is administered to mice in 50 jiL doses split between both footpads of 
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a mouse. The dry antigen is mixed with oil prior to cmulsification with saline. 
The Frcund's Complete Adjuvant (FCA)(Grand Island Biologicals) is made up 
as 60% oil in saline with no additives. All other preparations are 60% oil with 
50 \}L Span-80, lO^iL Twecn-80, and 15 mg silica (5 \xm Minusil) in a dose of 
1.6 ^iL emulsion. Where used, triblock copolymers are included at a 
concentration of 0.6 mg and leversc octablock copolymers are at a concentration 
of 0,1 mg per mouse. The data is a composite horn two experiments with 5 to 
15 mice per group. (See Fig. 6) 

The triblock copolymer designated L121 is as follows: 
H0(C^H^0)JC3H^0)^{C^H^0)^H 

wherein the molecular weight of the hydrophobe (C3H6O) is 
approximately 4000 and the percentage of hydrophile (C2H4O) is 
approximately 10% by weight 

Hie copolymer designated L141 is as foUows: 

HO(C H 0) fC H p) (C H O) H 

wherein the molecular weight of the hydrophobe (C3H6O) is 
approximately 4600 and the percentage of hydrophile (C2H4O) is 
approximately 10% by weight and 0.1 mg of the octablock copolymer widi the 
reverse copolymer designated T150R1 as follows: 

(C3H60)b(C2H40) .(C2H40)a(C3HgO)j, 

NH2C-CNH2 

^(C2H40)a(C3HeO)b 

wherein a is equal to approximately 5 andb is equal to approximately 32. 

All of the formulations had silica as a base except the Freund's 
Complete Adjuvant (FCA). As can be seen, all of the compositions witii the 
copolymers had increased adjuvant activity and are more effective than FCA. 
(See Fig. 6) 

The combination of oil and silica is more effective then either 
alone. The 60% oil emulsion, by itself, produces a mean titer of 100 and the 
silica by itself produces a mean titer of less than 20 while the combination 
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induces a titer of over 300 at 30 days after a single injection. The silica 
emulsion, by itself, or with copolymers, is also found to be more effective than 
the oil emulsion alone for immunizing chickens for bursal disease virus or for 
immunizing rabbits with a variety of protein antigens. Finally, it is found that 
other surfactants can be substituted for the Span and Tween so long as they 
pixxluce stable emulsions. The silica emulsions produce only mild local 
reactions compared to the intense, chronic inflammatoiy reactions induced by 
Freund*s Complete Adjuvant. In addition, the silica admixtures are unable to 
induce autoimmune adjuvant arthritis. This is a major advantage over the most 
commonly used adjuvant for producing antisera, Freund's Complete Adjuvant, 

Example 14 

Groups of five to ten mice were immunized with TNP-HEA in a 
2% squalane-in-water emulsion containing 1 mg of each of the copolymers 
indicated in Fig, 7. The time courses of the antibody responses are similar in 
each of the groups except L81 which induces only a transient response. The 
titers peak at approximately one month after injection and persisted for over 
three months. The animals are boosted on day 90 after immunization. They are 
bled again one week post boost. The copolymers with 10% or less 
polyoxyethylene (POE) all induced strong immune responses. Copolymer 
L122 is a poor adjuvant The adjuvant activity of copolymers with a range of 
POE chain lengths and the polyoxypropylene (POP) chains with molecular 
weights of 5200 (L180.5, L181.S and L182.5) follow the pattern established 
previously for the series of smaller copolymers L121, L122 and L123. 
Copolymers with more than 10% POE are again found to be ineffective 
adjuvants. 

The mean titers stimulated by the copolymers with 10% or less 
POE of each length of POP chain increases with increasing molecular weight of 
the POP hydrophobe as shown in Fig, 7. While there is variability between 
and among groups, the general pattern of increasing titer with increasing 
molecular weight of hydrophobe is observed repeatedly. 

The isotype of antibody is measured at multiple time points 
using an EUS A assay witii calibrated class specific antisera. As shown in Fig. 
8, die copolymer preparations which were effective adjuvants for inducing 
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antibcxly induced distinctly different patterns of isotype. The lower molecular 
weight preparation, LlOl, induces a predominant IgGl response with lesser 
amounts of IgG2a and IgG2b. Increasing molecular weight of the hydrophobe 
increases the proportion of IgG2, especially IgG2b, Interestingly, the 
production of the IgG3 isotype follows the opposite pattern with the highest 
titers produced by the lower molecular weight preparations, L121 and 
especially LlOl. The ratio of IgGl to IgG2b antibody increases in a nearly 
linear fashion witii molecular weight of the hydrophobe as shown in Fig. 8, 
The distribution of isotypes is measured at multiple intervals following the 28 
day determination. The isotype patterns produced by each copolymer tend to 
persist during subsequent assays. 

Example 15 

Groups of mice arc immunized with SO^ig of TNP-HEA in a 
squalane-in-water emulsion containing 1 mg of copolymer 141 and/or 100 \ig 
of detoxified RaLPS. Fig. 13 shows a synergistic response when the 
detoxified RaLPS and the L141 are admixed with TNP-HEA and administered 
to mice. Fig. 14 shows the isotype of IgG induced by each of the adjuvant 
combinations plus a comparison with a toxic LPS, After 30 days, the isotype 
of antibody is determined for several of the endotoxin derivatives and fractions 
witii reduced toxicity. Copolymer 141, by itself, produces a predominant IgGl 
isotype antibody response with lesser amounts of IgG2a and IgG2b with only a 
trace of IgG3. Detoxified RaLPS reduced the amount of IgGl antibody to the 
TNP-HEA while it markedly increased the IgG2a and IgG2b antibodies. In 
similar experiments, the non-toxic S. sphaeroides LPS did not significandy 
increase tiie total IgG titer, but it did reduce the amount of IgGl antibody and 
increase die amounts of IgG2a and IgG2b. The otiier nontoxic and detoxified 
LPS derivatives botii increased the titer and shifted the balance of isotypes 
towards IgG2a and IgG2b. The antigen injected without any adjuvant produces 
no detectable antibody. 

Example 16 

Comparisons are made between trehalose dimycolate and the 
LI 41 copolymer in combination with monophosphoryl lipid A, Mice arc 
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immunized with 50 of TNP-HEA in a oil in water emulsion with the 
adjuvants as shown. The emulsions contained SO^ig of MPL and/or TDM per 
dose. The mice are bled on day 28. 

The combination of L141 with MPL produced higher titers than 
TDM-MPL combination. The titers are predominantly of the IgG2a subclass. 
As shown in Fig. 15. the combination of all three materials produced the 
highest IgG2 titers of all widi a significant addition of IgG3. 

E3aimple 17 

It has long been recognized that lipopolysaccharides from gram 
negative bacteria are effective immunomodulating agents and imnmnologic 
adjuvants. However, the toxicity of these materials has impeded their 
development as adjuvants. Recently, a means of reducing their toxicity while 
retaining substantial adjuvant activity have been reported. This method included 
the removal of a phosphate group from lipid A to produce monophosphoryl 
lipid A (MPL). In addition, the removal of one or more fatty acid chains from 
the lipid A moiety also reduces toxicity. Some types of LPS, particularly that 
from Rhodopseudomonas sphaeroides (see Rg. 1 1 for structure), are inherently 
non-toxic. Its structure is very similar to that of toxic lipid A, Rietchsel 
proposed that the entire structure of lipid A is required for toxicity and 
demonstrated that many modifications can reduce its toxicity ,20 

The present experiment is designed to evaluate the potential of a 
series of LPS derivatives to act as adjuvants in combination with nonionic block 
copolymer surfactants. Hie LPS derivatives are selected to evaluate a spectrum 
of structural modifications which are selected to evaluate several means of 
reducing toxicity and evaluating structure with the isotype and intensity of 
immune response. These agents are used by themselves and in combination 
with a block copolymer adjuvant, L141, to evaluate synergy between agents 
which appear to act via distinct mechanisms. 

Finally, trehalose 6,6' dimycolate (TDM) has been reported to 
be an adhesive adjuvant which binds antigen to the surface of oU drops. 
Studies are shown to compare the adjuvant activity of TDM with that of block 
copolymers in combination with LPS derivatives. 
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AnimaJs: 

Groups of 7-10 week old female ICR (outhred) mice obtained 
fiom Charles River Laboratories, Raleigh, NC arc used 

Artdgen Preparcaion: 

The trinitrophenyl (TNP) hapten is bound to recrystallized hen 
egg albumin (HEA). TNP is conjugated to HEA using 5 mM trinitrobenzene 
sulfonate in borate buffer, pH 8.2.21 xhc extent of trinitrophenylation is 
determined spcctiophotomctrically using an extinction coefficient of 15,4(X) at 
350nm. Eight to nine TNP units are bound per mole of HEA. 

Adjuvants: 

Rdi-LPS frtMn S. minnesota R7, Rc-LPS from S. typhimurium 
SL684, and Ra-US &om E. coli EH-100 are purchased fiom Sigma Chemical 
Company, St Louis, MO, MPL from 5. minnesota R595 is purchased fxom 
Ribi InmmnoChem Research, Inc., Hamilton, MT. Cultures of S, mnnesota 
P345, S. mnnesota R60, and 5. typhimurium SF1512 arc obtained from 
Institute fiir Expeiimentdlc Biologic und Medizin, Borstel, West Germany. 
Cultures of £. coli 09 and 058 are obtained fiiom Statens Seruminstitut, DK- 
2300 Copenhagen, Denmark. Culture of E. coli D31m4 is obtained firan 
Genetic Stock Center, Department of Human Genetics, Yale University School 
of Medicine, New Haven, CT. 

The growth of the tmipcrature-sensitivc mutants of £. coli MN7 
and S . typhimurium iSO as well as the preparation of lipid X and precursor lipid 
IVA, respectively have all been described previously in Takayama, et al. 
and Raetz, CRH, et aL, which are hereby incorporated in their entirety by 
reference.22,23 The growth of E. coll D31m4 and the preparation of die 
purified Re-LPS are described by Qureshi, et al„ which is incorporated herein 
by reference.24 MPL is prepared from the D3 lm4 and Re-LPS according to 
Qureshi, N., et al,, which is incorporated herein by rcfcrence,25 This product 
contained a mixnirc of a hexaacyl anda nrinorpentaacyl MPL. 

The rough chemotype Upopolysaccharide fiom S. minnesota 
R345, S. minnesota R60, S, typhimurium SF1512 and /?, sphaeroides ATCC 
17023 arc prepared by die mediod of Galanos, et al., mtb modifications.26»27 
The structures of die series of rough chemotype LPS fiom die smallest (Re- 
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LPS) to the largest (SR-LPS) are shown in Fig. 10, The structure of the 
R. sphaeroides LPS is shown in Fig, 11. 

£. coll 09 and OSS are grown in LB broth and the smooth 
chemotype lipopolysaccharides are prepared by the hot phenol-water extraction 
method of Westphal and Jann 28 The yields are 8.0 and 14,9% (dry weight) 
respectively for the LPS from E coli 09 and 058. The structure of the O-andgen 
region of the £. coli 058 LPS is determined to be: 



[;->3)GlcNAc - B(1 -^4) - Man - a (1 "44)-ManHx (1 ] „ 

^(1^3) I 2(3) 
RhaLA oAc 



where RhaLA is 3-0-(R-r-carboxyethyl)-L-rhamnose (rhamnolactylic acid). 

The 09 LPS (100.7mg) is dissolved in 2,0 ml of 0,2 M Tris- 
HCl, pH 7.8 containing 0.6% deoxycholic acid and fractionated on a 2.8 x 54 
cm Bio-Gel P-100 column (Bio-Rad, Richmond, CA) at ZTC using the same 

15 buffer. This procedure is similar to that of Vukajlovich, et ai which is 

incorporated herein by reference.^ Two ml fractions are collected and assayed 
for both KDO and mannose. Based on these analyses, fractions 27-35 (I), 36- 
43 (n) and 44-51 (III) are pooled and extensively dialjrzed against running 
water. These samples are finally desalted on a Bio-Gel P-4 column to yield 

20 43.5 mg of I, 27.2 mg of II and 6.6 mg of EI. These three samples are 

analyzed by sodium dodecyl sulfate-polyacrylamide gel electrophoresis. The 
electrophoresis showed that fraction I contained predominantly the smooth 
chemotype LPS, n contained a mixture of smooth and rough chemotype LPS 
and in contained miostly the rough chemotype LPS. These results are 

25 consistent with the mannose to total phosphorous molar ratios which are 

9.2:1.0 for I; 5.3:1.0 for II; and 2,9:1.0 for m. The hexose region of the outer 
core of 09 LPS appears to have the type E. coli Rl whereas the inner core is the 
same for all Salmonella and £. colL The structure of the 0-antigen region of the 
09 LPS is determined to be: 



r>3)-Man -all-^S) - Man-a(1->2) -Man a(1->2)- Man a(1->2) - Man • a(l->l 

The lipid A precursors and derivatives (including MPL) are 
obtained from Dr. Kuni Takayama, VA Hospital, Madison, WI, The MPL and 
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MPL-TDM prepararions are purchased firom Ribi ImmunoOiem Research, Inc., 
Hamilton, MT, The nonionic blcx;k copolymer surfactant, L141, is obtained 
finom CytRx Corporation, Atlanta, GA. It consists of a central polymer of 
polyoxypropylene (POP) with a molecular weight of 4600 daltons and 
5 hydrophilic chains of polyoxyethylene (POE) on each end with a total molecular 

weight averaging 500 dalttms. 

Stimulation of Immune Response: 

The above mentioned additives, alone or in combination are 

0 lyophilizcd and incorporated into oil-in-watcr emulsions containing 2% 

squalane (hcxamethyltetracosane). The final conceatration yielded 50 \ig TNP- 
HEA, 100 Jig LPS , 50 jlg MPL and MPL-TDM, and 1 mg copolymer L141 per 
mouse. Animals are given a subcutaneous injection in the hind footpad (40-50 
\iL volume) containing the above mentioned dosages of antigen and adjuvant 

5 according to specific group tested Mice are bled at various time points 

throughout the coiffse of the study via retro-oibital plexus using heparinized 
Natelson capillary tubes and plasma is stored at -70°C 

Antibody Detection Procedure: 

0 An evaluation of the immune response induced by each 

preparation is made using an En2yme Linked Immunosorbant Assay (BUS A). 
Antigen is prepared by tiic reaction of picrylsulfonic add with BSA fraction V, 
Microtiter plates arc treated with 100 ^iL per well TNP-B S A (25 TNP units per 
mole BSA) at 0.5 ng/ml PBS, pH 8.4 overnight at 4 C The antigen solution is 

S replaced witii 1% BSA in PBS, pH 7.4 and the plates arc incubated for 1 hour 

at room temperature in order to block any sites left available for nonspecific 
binding of antibody. The plates arc washed 4X with 0.05% poloxamcr 188 in 
PBS. pH 7.4. Next, 100 [iL of serial dilutions of test sot witii 0.1% BSA and 
0.1% poloxamer 188 in PBS, pH 7.4 arc added and incubated for 1 hour at 

3 room tempcraturc on an orbital shaker (200 rpm). The plates arc then washed 

3X and incubated for 90 minutes at 37 C witii afRnity-purified horseradish 
peroxidase-conjugated goat antibody directed against mouse IgG or specific 
IgG subclass. A 1:2000 dilution of conjugate is used for all except IgGS, for 
tiiis a 1:1000 dilution is used. Following this step, the plates are washed 3X 

5 and color development is achieved witii orthophenylene dianaine (OPD) HCL, 
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0.4 mg/ml, in citrat^phosphate buffer, pH 5.0. The reaction is stopped using 
2.5 N sulfuric acid (H2SO4) 15 minutes after the addition of OPD and read at 
490 nm using a BIORAD model 3550 microplate reader. Titers are defined as 
the dilution of antiserum required to produce an absorbance of 1.0. Synergy is 
calculated by the following formula: titer of LPS + L141 / titer of LPS or L14 

Results: 

Groups of female outbred ICR mice are immunized in the hind 
foot pads with 50 \ig of TNP-HEA in a 2% squalane-in-water emulsion 
containing 1 mg of copolymer L141 plus 100 ^g of one of a series of lipid A 
derivatives as shown in Fig. 16. The smallest derivative, lipid X, suppressed 
the immune response at all time periods measured. Each of the other derivatives 
produced an accelerated response with higher titers at ten days after 
immunization but then produced moderately suppressed responses at 30 and 60 
days. 

Similar studies are carried out with LPS preparations from 
mutant organisms which differed in the size of the core polysaccharide. Fig. 17. 
These LPS derivatives produced an increase in antibody response at 10 days 
after injection. The smallest preparation, Re-LPS, resulted in a suppressed 
response at day 60. The other derivatives produced a moderate enhancement 
Finally, the adjuvant effects of fractions of LPS containing varying amounts of 
O-polysaccharide are evaluated in combination with copolymer L141, Fig. 18. 
Each of these preparations produced a rapidly increased inmiune response 
which is sustained for the entire period of measurement 

Several of the observations with each of the LPS fractions and 
derivatives alone and in combination with copol3mier L141 are summarized in 
die Table 1. 
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Table 1 



Day 28 

LPS/iipid A Percent Synergy 

precursor^ Source Survive^ Antibody Uter^ Ratio* 



Lipid X 


E.coUMNl 


100 


14,201 ± 4,753 


0.60 


Precursor 
lipid rVA 


S. typhimuriim'iSXi 


100 


11,140 ± 2,350 


0.50 


MPL 


£. co/i D31m4 


100 


27,184 ±5,845 


1.13 


Re-LPS 


E.co/i D31ni4 


100 


14,985 ± 2,695 


0.62 


Rdl-LPS 


.S^. minnesota R7 


83 


52,925 ± 15,799 


2.20 


Rc-LPS 


S. typhimurium 
SL684 


66 


50,518 ± 13,555 


2.10 


Rb2-LPS 


S. minnesota R345 


NA 


NA 


NA 


Ra-LPS 


S. minnesota R60 


16 


72,169 ±0 


3.00 


Ra-LPS detox 


E.coUER-lQO 


100 


122,668 ± 29,635 


5.10 


SR-LPS 


S. typhiimuriwn 
SF1512 


0 


NA 


NA 


R-LPS 


R, sphaeroides ATCC 
17023 


100 


21,651 ± 5wt33 


0.90 


S-LPS-I5 


E.coli 09 


100 


81,792 ± 15,800 


3.40 


S/R-LPS-II5 


E.coliQ9 


50 


103,443 ± 14,291 


4.30 


R-LPS-mS 


E. coli 09 


66 


50,518 ± 10,219 


2.10 


S-LPS 


E. coli 05% 


80 


81,793 ± 18,253 


3.40 



^ The structure of the various forms of LPS and lipid A are described in 

Materials and Methods section. S - smooth, R » rough 

^ The percent of animals which survived an injecticm of 100 |J.g of the LPS 

derivative in a squalane-in-water emulsion with 1.0 mg L141 and 50 ug TNP- 

HEA. 

3 IgG antibody dter to TNP at day 28 ± SE of animals immunized with the LPS 
plus L141 emulsions of TNP-HEA. 

^ The synergy ratio is the anti-TNP antibody induced by LPS plus L141 

divided by that induced by similar emulsion with L141 but no LPS. 

5 He LPS from £. coli 09 was fractionated on a Bio-Gel P-100 column to yield 

fractions-I, -n, and -IIL 

S=smooth; R=rough. 

The titers are normalized for this table to facilitate conq)arison of 
results between experiments. A synergy ratio is calculated to evaluate the 
relative ability of the LPS preparations and derivatives to increase the IgG 
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antibody response over that expected when either agent is used as an adjuvant 
alone. The toxicity of the immunogens containing LPS varied markedly as 
judged by survival. The preparations with less than 100% survival generally 
produced scruffled hair and other signs of endotoxin induced distress. Several 
of the preparations, however, produced no mortality and little clinical sign of 
toxicity. These included the monophosphoryl lipid A, lipid A derivatives, lipid 
X, lipid IV A, the detoxified Ra and the Rhadopseudomonas sphaeroides LPS. 
Ability of these preparations to increase the antibody response over those 
produced by copolymer LI 41 or the LPS preparation alone varied markedly 
among the LPS preparations used. Some of the preparations suppressed the 
immune response and others had little effect However, those that did increase 
antibody dters, produced increases which are sustained over the three month 
period of observation. A particularly promising preparation is the detoxified 
Ra*LPS derivative which is a weak adjuvant by itself, but increased titers 
markedly in combination with copolymer L14L (Rg. 13) 

Antibody Isotype: 

The isotype of antibody is determined for several of the 
endotoxin derivatives and fractions with reduced toxicity, (Fig. 13 and 14). As 
expected, copolymer L141 by itself produced a predominant IgGl isotype 
antibody response with lesser amounts of IgG2a and 2b with only a trace of 
IgG3. The antigen injected without adjuvant produced no detectable antibody. 
The LPS derivatives had a variable effect on the production of IgGl antibody* 
The net result is the production of a predominant IgG2 response. Even in using 
preparations which produced ho enhancement of antibody titers, there is a shift 
in isoQ^es away from IgGl towards IgG2a and b. 

Example 18 

Animals: 

Six week old, female, outbred ICR white mice are obtained from 
Charles River Breeding Laboratories (Raleigh, N.C.) and are allowed to 
acclimate in the aiumal facility for one week before immunizations. Food and 
water are available ad libitum. 
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Copolymers and Other Reagem: 

Synthetic block copolymers L121, L141, and L180.5 arc 
obtained from CytRx Corporation, Norcross, GA, the thrconyl derivative of 
muramyl dipcptide (MDP) are obtained frcm Syntcx Corporation (Palo Alto, 
CA), and the Rhodopseudomonas sphaeroides LPS is obtained from Dr. Kuni 
Takayama, VA Hospital (Madison, Wl). 

Malaria Peptide and Peptide Conjugation: 

The peptide (NAGG)5 is synthesized at the Microchemistry 
Facility of Emory University (Atlanta, GA) using a model 430A Peptide 
Synthesizer (Applied Biosystems, Inc.) and purity is evaluated by amino acid 
analysis and HPLC. (NAGG)5 is a tandem repeat fiom the drcumsporozoite 
protein of the spoiozoite of Plasmodium cynomolgi NIH strain. Conjugation of 
the p<^dde (P) to bovine scrum albumin (BS A) or hen egg albumin (HEA) 
(Sigma Chemical Co., St Louis, MO) is carried out using a modification of the 
one step glutaraldehyde-coupling method of Rougon ct al., 1984. Briefly, 
4x10-6 moles of the peptide dissolved in 0,8 ml PBS, pH 8 J is mixed with 
l,5xl0"7 moles BSA or HEA in 1.2 ml PBS, pH 8,7, To diis mixture, 2 ml of 
a 0.02 M solution of glutaraldehyde (Sigma Chemical Co,, St Louis, Mo.) is 
added in aliquots of 0,05 ml over 15 minutes at room temperature, with 
vortexing between additions. The mixture is rotated over night at room 
temperature on an orbital shaker (150 rpm). Unbound glutaraldehyde and 
peptide arc removed by passing the mixture through a Sephadcx G-25 colunxn 
with PBS, pH 7.3, The P-BSA or P-HEA is collected in the void volume and 
stored at-20°C 

EUSA Assay for Antibody Titers and Isotype Quantitadon: 

Titers of antibody directed against the peptide are obtained using 
a modification of the method of Saunders,^ Ninety six-well microtiter plates 
(Flow Labcaratories, McLean, VA) are coated overnight at 4*'C with 0.1 mVwdl 
of a 0.002 mgtol solution of peptide conjugated to hen egg albumin (P-HEA) in 
PBS, pH 7.3, All further incubations arc carried out at room temperature. 
Antigen coated wells are blocked with 0,1 ml of a solution of 1% human 
albumin (Sigma Chemical Co., St Louis, Mo.) in PBS, pH 7.3 for 1 hour. 
After washing witii PBS, pH 7.3 witii 0.05% of die surfactant PLURONIC® 
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F68 (poloxamer 188) 0,1 ml of serial 3-fold dilutions of plasma from 
immunized mice, are added to the wells in duplicate. Three-fold dilutions of 
mouse plasma from non-immunized mice and a monoclonal antibody directed 
against the peptide, (NAGG)5, are also added in duplicate as ELISA negative 
5 and positive controls, respectively. The plates are incubated for 1 hour, at 200 

rpm on an orbital shaker. After washing, 0,1 ml of a peroxidase conjugated 
goat anti-mouse IgG. IgG 1, IgG2a, or IgG2b diluted 1:2000 or anti-lgG3 
(FisherBiotech, Orangeburg, NY) diluted 1:1000 are added to each well and 
incubated for 1 1/2 hours, at 200 rpm. After washing again, O.l ml of 2.5 

10 mg/ml orthophenylene diamine (Sigma Chemical Co., St Louis, Mo.) and 

0.03% hydrogen peroxide (Sigma Chemical Co., St Louis, Mo,) in citrate 
buffer, pH 5.0, are added to each well, incubated for 15 minutes, and the color 
reaction is stopped with 2,5 M sulfuric acid. The absorbance at 490 nm is 
determined using a BioRad Microplate Reader and the titers are determined by 

15 regression analysis, using the dilution resulting in an absorbance value of L 

Isotype quantitation is done by converting the ELISA titers to nanograms per 
milliliter plasma of each subclass by referring to a standard curve. Ten 
micrograms per ml of a polyclonal goat anti-mouse IgG (Fisher Biotech, 
Orangeburg, NY), diluted in PBS, pH 7.3, is used to coat the wells of a 96 

20 well microtiter plate. Washing, blocking, and incubation times are the same as 

those in the ELISA assay above. Dilutions of mouse myeloma proteins of each 
isotype (Sigma Chemical Co., St Louis, Mo.) are used as standards. A goat 
anti-mouse iso-type-specific horse radish peroxidase conjugate (FisherBiotech, 
Orangeburg, NY) is used to determine the absorbance of the standards at 

25 concentrations of 119 ng-0;03 ng. The concentrations of iso-type-specific 

standards, resulting in an absorbance value of 1, are determined from standard 
curves of the absorbance (490 nm) versus the concentration, by regression 
analysis. The concentration of peptide-specific isotype at an absorbance of 1, is 
multiplied by the ELISA titer at an absorbance of 1, to give the concentrations in 

30 ng/ml, 

Flagella Preparation: 

Salmonella typhi, strain TY2 (type 29), is obtained from the 
American Type Culture Collection. Frozen stock cultures are grown on Trypric 
35 Soy Agar plates (Difco Laboratories, Detroit, Ml) and passaged 4-5 times 
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through 0,3 % Trypdc Soy Motility Agar. The highly motile bacteria arc 
selected because they produce the most flagcUa. Organisms are inoculated into 
Tryptic Soy Broth and incubated at 3TC for 6 hours. Aliquots of the broth 
suspension of bacteria are inoculated onto Mueller Hinton Agar plates (Carr 
Scarlborough) incubated at 3TC for 16 hours. The cells are harvested off the 
plates with PBS containing 0,1% thimerosal (Sigma Chemical Co., St Louis, 
Mo.). The flagella are removed from the cells by vigorous shaking for 20 
minutes in a mechanical shaker (Red Devil Paint Shaker) and separated &om the 
cell bodies by differential ccntrifugation as follows: the cell bodies arc pelleted 
by ccntrifugation at 6000 x 9 for 30 minutes in a Sorvall RC-5B refrigerated 
Superspeed Centrifuge (DuPont Instruments) with a GSA rotor, followed by 
ccntrifugation at 16,(XX) x 9 for 10 minutes to pellet broken cells and other small 
debris. Flagella are then pelleted at 90,000 x 9 in a Beckman L8-70M 
ultracentrifuge with a SW27 swing bucket rotcff, resuspcnded in thimerosal- 
PBS, repelleted, and resuspended in thimcrosal-PBS. Protein concentration is 
determined by Lowry's Protein Determination.31 Aliquots of 5.2 mg/ml 
flagdla are frozen at -70°C 

Flagella Con jugation: 

Conjugation of the peptide to Salmonella flagella (P-flagella) is 
performed using an adaptation of the two step glutaraldehyde-coupling 
procedure of Liang et al32 The peptide (1.5x10-7 moles) dissolved in 1^ ml 
PBS, pH 8.7, are treated with an equal volume of 0.02 M glutexaldehyde, 
added in aliquots of 0.05 ml with vortexing between additions, and allowed to 
rotate over night at room temperamre on an orbital shaker (150 rpm). After 
overnight dialysis against PBS at 4°C to remove uureactcd glutaraldehyde, 
either 4x10-6, 2x10*6 or 1x10-6 moles of peptide in 0.8 ml PBS, pH 8.7, 
representing peptide to flagella molar ratios of 26:1. 13:1, and 6.5:1, 
respectively, are added to the dialyzed flagella. The mixture is rotated overnight 
at room temperature. Unbound peptide is separated from flagella by 
ultracentrifugation at 90,000 x 9 for 1 hour in a Beckman L8-70M 
ultracentrifuge witii an SW27 swing bucket rotor. The flagella pellet is 
resuspended in PBS, pH 7.3, rccentrifuged, resuspended in PBS, followed by 
the addition of 0.02 M lysine (Sigma Chemical Co., St Louis, Mo.). This is 
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allowed to react ov r night at 4^C, followed by recentrifugation, and 
resuspension in 2 ml PBS, 

Emulsions and Mode of Immunization: 

Groups of 5-8 mice are immunized with oil-in-water emulsions 
containing a mixture of 2% squalane (Sigma Chemical Co., St Louis, Mo.) and 
PBS, pH 7.2 with 0,2% Tween-80 (Sigma Chemical Co., St Louis, Mo.). 
When present, copolymer adjuvants L121 or L141, are at a concentration of 1 
mg/ 0.04 ml, R, sphaeroides LPS at 0.1 mg/0.04 ml, and lyophilized peptide or 
PBSA at 0.1 mg/0.04 ml or P-flagella at 0.05 mg/0,05 ml. All emulsions are 
prepared with the same concentrations except for one experiment where the P- 
BS A is present at 0.05 ml. The lyophilized antigen is mixed for 2 minutes with 
squalane and copolymer in a 2 ml glass homogenizer with a motorized pestle. 
The aqueous phase and additional adjuvants are added to the oil phase and 
emulsified for an additional 2 minutes for all experiments except one, where the 
P-BSA or P-flagella is not lyophilized but added in PBS to the aqueous phase. 
Either 0.04 ml of emulsion containing 0.1 mg P-BSA is injected into a single 
hind footpad, or 0.025 ml P-BSA or P-flagella (0.05 mg/ml) is injected into 
each hind footpad. In an experiment comparing routes of immunization, 0.1 mg 
P-BSA in either 0,04 ml of a squalane-in-water emulsion, with and without 
L121 or L141, is injected into a single hind footpad (FP), or in 0,2 ml of 
emulsion IP or SC. All mice are given a second immunization on day 29 with 
either the same amount of the identical formulation, antigen and L121 in an oil- 
m-water emulsion, or antigen in PBS. In a single experiment, three groups of 
mice are given a third immunization with P-BSA in an oil-in-water emulsion 
containing L12L Most groups of mice are bled fix>m die retro-orbital plexis into 
heparinized mbes on days 0, 10, 28, and 36 after primary immunization. In the 
time course experiment, plasma is collected on days 10, 28, 60, 90, 97, 111, 
141. 171, 201, 207, and 214 after primary immunization. Plasma from each 
mouse is assayed individually by ELISA and the means and standard errors are 
detemiined for each group. 

Example 19 

Eight mice per group are immunized witii 0.1 mg peptide or 
pcptide-BS A emulsified in 2% squalane-in-watcr, with or widiout copolymers 
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and/or R. sphaeroides LPS at 0.1 mg per mouse. All mice are given a second 
immunization at one month and plasma is collected after one week. Assays for 
peptide-specific total IgG and IgG isotypes arc performed as described 
hereinabove. Total IgG antibody titers are shown as the mean ± SEM of each 
group. The results are sunmiarized in Table 2, 



Table 2 





Titer 




Isotype 


(%) 






IgG 


IgGl 


IgGZa 


IgG2b 


IgG3 


Peptide 


33 


100 


0 


0 


0 


Peptide-BSA 


220511732 


99.3 


0 


0.7 


0 


+R. sph-LPS 


7529±1996 


96.8 


0.1 


2.5 


6.6 


+L121 


1724Q±3156 


83.4 


2.4 


12.4 


1.8 


+L141 


17641±7527 


86.2 


9.1 


4.6 


0 


+L121 +LPS 


1310512384 


66.2 


8.0 


24.7 


0.2 


+L141+LPS 


48435±13283 


51.4 


6.8 


39.1 


2.8 



Malaria peptide alone produced a barely detectable response 
which is 100% IgGl, Peptide conjugated to BSA produced an ahnost 2 log- 
higher IgG response, nearly all of which is IgGl, with less than 1% IgG2b. 
Addition of LPS to peptide-BSA produced a 3,4 fold increased in total IgG, 
most of which is IgGl, with 2.5% IgG2b and barely detectable levels of IgG2a 
and IgG3 . Addition of either copolymer to pcpddc-BS A produced over a 7 fold 
increase in total IgG and significant amounts of IgG2b and IgG2a, With L121, 
small anaounts of IgG3 are also present 

When LPS is added with L121 and peptide-BSA, the proportion 
of IgG2b is nearly doubled and the IgG2a increased to 8% of total IgG, 
although the total IgG titer is slighdy less than without LPS. L141 and LPS 
showed synergy, both with respect to producing nearly a 3 fold increase in total 
IgG titer and in their influence on subclass distribution. The proportion of 
IgG2b increased more than 8 fold above that with L141 alone, rising to over 
39% of total IgG. Significant amounts of IgG2a are present, and this adjuvant 
combination produced a proportion of IgG3 of 2.8%. 
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Example 20 

Effect of Hapten Density on the Distribution ofIgG Isotypes: 

The effect of different molar ratios of peptide per flagellin 
monomer, using diy preparations with L121 is examined Groups of mice are 
immunized with emulsions containing 0.05 mg pepdde-flagella at molar rados 
of 26:1, 13:1, and 6.5:1 distributed into both hind footpads. The mice are 
boosted at one month with pepdde-flagella of the same hapten density dissolved 
in saline. Plasma is collected after one week and assayed for concentrations of 
peptide-specific IgG isotypes. 

Changes in the molar rado of peptide to flagella influenced bodi 
die intensity of die IgG antibody response and the isotype distribution (Rg. 
19), Increasing the molar ratio increased the total IgG concentration 6*fold 
between 6.5:1 and 26:1 and significandy changed die isotype pattern, Flagella 
widi a 26:1 peptide ratio induced 11% IgGl, 43% IgG2a, 17% IgG2b and 29% 
IgG3, Reducing the peptide ratio to 13:1 almost exclusively affected IgG3, 
decreasing its proportion to 4%. Lowering the ratio to 6.5:1 eliminated IgGl 
and IgG3 and reduced the concentration of IgG2a. 

Example 21 

Animals: Seven to ten week old female ICR (outbred) mice 
from Charles River Laboratories are used as test animals. All copolymers are 
obtained from CytRx Corporation, Adanta, GA. TNP-HEA (Sigma Chemical 
Company, St. Louis, MO) is prepared according to die procedure in Methods in 
Immunology.^^ 

Emulsion Preparation: Emulsions are 1 ml final volume and an 
0.04 ml injection volume. Add indicated amount of TNP-HEA (lyophilized), 
0.05 mg/mouse. Add 2% squalane in saline. Add indicated amount of 
copolymer at an amount of 1.0 mg/mouse. Homogenize the mixture for 2 
minutes. Quantity sufficient to 1 ml using PBS/Tween-80 (0,2%), 
Homogenize for approximately 2 minutes at room temperature 

Injections: Mice receive initial subcutaneous injection (0.04 ml) 
in hind footpad. A booster is given on day 90 in some cases— 
Antigen+Copolymer. 
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Footpad Measurements: Baseline measurements are made prior 
to injections, FoDowing injections, measurements are made at specific time 
points until inflamcoation subsides. 

Blood Collection: Blood for plasma antibody detection is 
collected at specific time points throughout the course of the study. This is 
done via retro-orbital plexus using hcparinized Natclson tubes. Samples are 
centrifuged for 15 minutes at 2500 tpm. Serum is stored at -70 C 



Table 3 



Copolymer 


MW 


%P0 
E 


IgU Antibody 


Titers 




POP 




Day 28 


Day 97 


LlOl 


»3250 


-10 


24875 ±8751 


267919182631 


L121 


-4000 


-10 


1182814407 


2098911120490 


L122 


-4000 


-20 


184 ±45 




L141 


-4600 


-10 


112431 ±22728 


5102721125563 


L180.5 


-5200 


-5 


307863±66575 


360072177470 


L181.5 


-5200 


-15 


671511604 


152367 1 33649 


PI 82.5 


-5200 


-25 


1500 





Groups of five to ten mice are immunized with TNP-HEA in a 
2% squalane-in-watcr emulsion containing 1 mg of each of the copolymers 
shown in Table 3. The time course of the antibody responses are similar in 
each of the groups. The titers peaked at approximately one month after injection 
and persisted for several months. The animals are boosted after three months. 
There are bled again one week later. The copolymers with 10% 
polyoxyethylene and nsolecular weights of polyoxypropylcne equal ot less than 
4600 induced strong immune responses. The larger preparations with 
polyoxypropylcne noolecular weights of 5200 are effective adjuvants only with 
a smaller proportion of polyoxyethylene. TTie preparations with larger portions 
of polyoxyethylene are much less effective. 

Example 22 

The following example compares one of the formulations 
contemplated as part of the present invention with prior art adjuvants. The 
formulation has the following general formula: 
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Component 


Concentration by 




weight 


Squalene 


85% 


Span 80 (Sorbitan monooleate) 


10% 


Silica (5 fi particles) 


1% 


PLURONIC®L141 


4% 



Silica and copolymer are combined first and mixed thoroughly 
until silica is completely coated with the copolymer. Then the Span 80 and 
5 ' squalene is added and mixed for approximately 45 min with a magnetic stirrer. 

Prepare a water-in-oil emulsion with 50% water with the antigen is in the water. 

Other adjuvants that are used in this example include RAS from 
Ribi Immunochem Research, Inc. Hamilton MT, ADJUVAX™, Alpha-Beta 
Technology, Inc. Worcester, MA and Freund's Complete Adjuvant (Sigma 
10 Chemical Co. St. Louis, MO, All adjuvants were prepared according to the 

manufacturer' s instructions and administered as indicated 

Groups of female New Zealand White rabbits (N=4) were 
immunized with a peptide protein conjugate (luteinizing hormone releasing 
hormone-bovine serum albumin, LHRH-BSA) as follows; 

15 



Adjuvant Administration 


Present 
invention 
(boosted) 


50 |ig of antigen intramuscularly (IM) in each hind flank (25 
antigen/25 fd emulsion x 2 injections) on day 1 




50 Jig of antigen intramuscularly (IM) in each hind flank (25 fig 
antigen/25 emulsion x 2 injections) on day 28 


Present 
invention 


50 lag of antigen intramuscularly (IM) in each hind flank (25 fxg 
antigen/25 iJl^emulsion x 2 injections) on day 1 only 


Freund's 
Adjuvant 


50|ag of antigen intramuscularly (IM) in each hind flank (25 y,g 
antigenl250 fil emulsion x 2 injections) on day 1 in complete 
Freund's adjuvant 


ADJUVAX™ 


50 ng of antigen emulsified and injected according to 
manufacturer's instructions: 50 ^ig of antigen subcutaneously (SQ) 
in 2 sites (25 ^g antigen/200 fil adjuvant x 2 injections) on days 1, 
28 and 35 


RAS, Ribi 


50 lig of antigen emulsified and injected according to 
manufacturer's instruction. 50 ^ig antigen/1 ml emulsion as 
follows: 

03 ml intradermal (50 pilxO sites) 

OA ml intramuscular (02 ml/ each hind flank) 

0.1 ml subcutaneous in neck region 

02 ml intraperitoneal on days 1 and 21 
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The anti BSA antibody titer at 14, 28, 42 and 56 days for each 
of the adjuvants is shown in Fig. 20. As can be seen in Fig. 20, on day 56, the 
fomulation according to the present invention produced titers that were 3 to 4 
times that of Freund's Complete Adjuvant The volume of the fomulation 
according to the present invention is only one fifth the injected volume of 
Freund's Adjuvant The formulation according to the present invention is 
significantiy less toxic than Freund's complete adjuvant In other species, the 
immune response seen with the fomulation according to the present invention 
was at least equal to or greater than that seen with Freund's. 

Example 23 

Copolymer L180.5 is found to have surprising physical 
properties which make it an effective adjuvant without oil. The copolymer is 
insoluble at room temperature, but is soluble at refrigerator (»4**C) 
temperatures. Unlike the smaller adjuvant molecules such as LlOl, L121 and 
L141, the insoluble form at room temperature is a small particulate stable 
suspension. The smaller copolymers all fonn unstable suspension which 
coalesce into large amorphous masses. Such preparations are poor candidates 
for vaccine adjuvants. The following Example demonstrates the ability of 
copolymer 180.5 to serve as an adjuvant by itself, or in combination with 
detoxified Ra-LPS witiiout oil, 0,1 ml of TMPiQ-HEA (25 mg/ml) is mixed 
with 0,4 ml of copolymer LI 80.5 (125 mg/inl). The mixture is placed in the 
refrigerator until the copolymer goes into solution. It is then removed and 
warmed to room temperature slowly to facilitate the binding of antigen to the 
copolymer particles. A similar preparation was prepared identically except that 
an appropriate amount of detoxified Ra-LPS is added. Groups of 6 mice are 
immunized in die rear foot pad with 50 \ig of TNPio-HEA, 1 mg of copolymer 
180.5 and 10 jig of LPS. Some of the groups are boosted with similar 
injections at day 18. The are bled for antibody determinations on days 24 and 
72. The results are summarized in Table 4: 
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Table 4 

IgG Antibody Titers 



Adjuvant 


Day 24 


±SE 


Day 72 


±SE 


LI 80.5 


184 


±80 


462 


±288 


LI 80.5 boosted 


1155 


±255 


577 


±274 


LPS 


387 


±18 


413 


±158 


L180.5 + LPS 


80136 


±19207 


51869 


±18571 


None 


<20 




<20 





The copolymer without oil induced a persistent and moderately 
5 strong primary and secondary antibody response. In the presence of LPS, the 

copolymer primed animals for a very strong secondary response. Similar 
injections of antigen without adjuvant failed to induce detectable primary 
responses and only veiy weak secondary responses. 

10 Example 24 

In another experiment, animals are immunized with 10^ whole 
killed blood stage parasites of a mouse malaria (Plasmodium yoelii) in adjuvants 
containing 1 mg of copolymer L180.5 by itself or with 10 ^ig of detoxified Ra- 
LPS or squalane-in- water emulsions of 1 mg of copolymer LI 80.5 by itself or 

15 with 10 \ig of detoxified Ra-LPS. The squalane, copolymer, LPS and antigen 

are combined in a homogenizer before adding 0.5% Tween 80 saline to form a 
oil in water emulsion. Animals are boosted on day 35 and challenged with 10^ 
virulent blood stage Plasmodium organisms on day 70. The control animals 
and those infimunized with tBe antigen in Freund's complete adjuvant developed 

20 progressive malaria infections. Animals immunized with the antigen in any of 

the four adjuvants containing LI 80.5 with or without LPS were protected. 
Protection is defined as parasitemia less than 10% of the red blood cells and 
falling at 14 days after infection. 

Protection correlated with antibody of the IgG2a isotype to 

25 epitopes on the surface of the parasites. This study demonstrates that adjuvants 

containing the copolymer with or without oil or LPS are able to induce 
protective immune responses to malaria and are more effective than Freund*s 
complete adjuvant They also induce high antibody titers. 
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Example 25 

Experiments were done with a recombinant protein of human 
immunodeficiency virus (Gpl20 of EHV). Mice are immunized with 25 \ig 
Gpl20 in squalane-in-water or no oil foraaulations of 1 mg copolymer LI 80,5 
with or without 10 ^ig detoxified RaLPS, The squalane, copolymer, LPS and 
antigen are combined in a homogcnizer before adding 0 J% Tween 80 saline to 
form a oil in water emulsion. All groups arc boosted once on day 28, The 
titers to the HIV protein on day 42 are shown in the following Table 5; 



10 



Table 5 



Adjuvant 


Day 42 


±SE 


O/WL180.5 


6767 


3689 


o/w L180.5 + LPS 


63818 


18226 


L180.5 


7023 


3100 


L180.5 + LPS 


26429 


21395 


none 


4217 


2216 



15 



20 



25 



Example 26 

Twopreparationsof RaLPS were prepared One was detoxified 
by treatment for 30 minutes with borate. The second was detoxified by 
treatment for 7 hours with borate. Groups of 6 female ICR mice were 
immunized with 50 ^g of each RaLPS in an oil and water emulsion of 50 \ig 
TNPioHEA. one mg copolymer L141, 5 mg of squalane which was 
suspended in 0,5% Tween 80 saline. The squalane, copolymer, LPS and 
antigen are combined in a homogenizer before adding 0,5% Tween 80 saline to 
form a oil-in-watcr emulsion. The injection volume was 50 |il per animals. 
ITie animals were bled at intervals for IgG antibody titers measured by ELBA. 
As shown in Fig, 21, the mildly detoxified preparation of LPS produced a 
higher early response while the more extensively detoxified preparation 
produced modest increase early but a sustained production comparable to the 
partially detoxified LPS preparation or fully toxic LPS preparation. This is in 
striking contrast to previous studies vnth MPL and other LPS preparations 
without core polysaccharides which produced early increase in titers but 
suppressed titers late as compared with the emulsion without LPS. 
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Example 27 

Animals were immunized with fonnulations identical to those 
described in Example 26 with doses of mildly or extensively detoxified RaLPS 
of 0.1, 0.05, 0.025, and 0.01 |ig. Animals were bled for determination of IgG 
isotypes on day 28. As shown in Hg. 22, all doses of both preparations 
produced increases in all isotypes. The increase in IgG2a was dose dependent 
on the mildly detoxified RaLPS. The increase in IgG2b was partially dose 
dependent, while that in IgGl was reladvely independent of dose within the 
range tested. Surprisingly, the high dose of extensively detoxified produced a 
pattern of Isotype changes comperable to that of the lowest dose of the partially 
detoxified RaLPS. This demonstrates that the modulation of isotype can be 
controlled or optimized for particular applications by either the dose or extent of 
detoxification of the LPS . 

Example 28 

Experiments were done to test the adjuvant activity of LPS from 
Pseudomonas which inherenfly has low toxicity. This low toxicity may be due 
to the fact that the LPS from Pseudomonas has been reported to have only 5 
fatty acids which have a carbon chain length of 10, LPS was isolated from 
Pseudomonas aeruginosa by standard procedures. A sample of the LPS was 
detoxified by treatment with TEA as described previously. Groups of 6 ICR 
female mice immunized with 50 of LPS, 50 ^lg TNPiqHEA. one mg 
copolmer L141, 5 mg of squalane which was suspended in 0,5% Tween 80 
saline or similar emulsions mthout the L141 or without the LPS as indicated in 
Fig. 23. The squalane, copolymer, LPS and antigen are combined in a 
homogenizer before adding 0.5% Tween 80 saline to form a oil in water 
emulsion. The LPS was a weak adjuvant by itself but produced striding 
synergy when combined with L141 especially for the IgG2a and IgG2b 
isotypes. It functions similarly to the mildly detoxified RaLPS in Example 27. 
The detoxified Pseudomonas LPS functions similarly to the extensively 
detoxified RaLPS in Example 27. 
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Example 29 

LPS was purified from the R. gelatinosa which is inherently 
intermediate in toxicity. Groups of 6 ICR female mice immunized with 50 |ig 
of LPS, 50 ^ig TNPioHEA. One mg copolmer L121, L141, L180.5, 5 mg of 
5 squalane which was suspended in 0,5% Tween 80 saline. The squalane, 

copolymer, LPS and antigen arc combined in a homogenizer before adding 
0,5% Tween 80 saline to form a oil in water emulsion. As indicated in Fig, 24, 
the copolymers L121 and L180.5 induce responses similar to those shown for 
L14L The combination of R gelatinosa UPS with each of these copolymers 
10 ' produced large increases in IgG2a and IgG2b isotypcs, but a small or no 
increase in IgGl . Furthermore, copolymer L180.5 was the most effective. 

Example 30 

Groups of 5 Rhesus monkeys were immunized with an 

15 antisporozoite malaria vaccine consisting of a synthetic peptide (NAGG)5 

conjugated to diphdicria toxoid, copolymer 180,5 and detoxified RaLPS. The 
squalane, copolymer. LPS and antigen are combined in a homogenizer before 
adding 0,5% Tween 80 saline to form a oil in water emulsion. The animals 
were give three subcutaneous injections at two week intervals each consisting of 

20 100 ^ig of peptide conjugate, 100 ^ig of RaLPS, 5 mg copolymer 180.5 in a 2% 

squalane in water emulsion. All animals demonstrated high IgG antibody titers 
(OD approximately 3 at a 1 to 500 dilution by ELISA). Antibody titers by 
immunofluorescence against surface epitopes of sporozoites demonstrated a 
mean IgG antibody titer of 1 0,0000. Local reactions at die site of immunization 

25 were not detectable at two weeks after immunization and there was no evidence 

of systemic toxicity. 

It should be understood that the foregoing relates only to a 
preferred embodiment of the present invention and that numerous modifications 
or alterations may be made without departing from the spirit and scope of the 

30 invention as set forth in the appended claims. 
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CLAIMS 

1. A vaccine adjuvant comprising a surfece-active copolymer with 
the following fonnula: 

HO(C H O) (C H O) (C H O) H 

wherein the molecular weight of the hydrophobe (C3H6O) is between 
approximately 4500 to 9000 and the percentage of hydrophile (C2H4O) is 
between approximately 3% and 15% by weight 

2, The vaccine adjuvant of Claim 1, wherein said surface-active 
copolymer has the following formula: 

HO(C H O) (C H O) (C H O) H 
' 2 4 'b^ 3 6 'a^ 2 4 'b 

wherein the molecular weight of the hydrophobe (C3H6O) is 

approximately 5200 and the percentage of hydrophile (C2H4O) is 

approximately 5% by weight, 

3. The vaccine adjuvant of Claim 1, wherein said surface-active 
copolymer has the foUowmg fonnula: 

H0{C^H^0)^(C3H0)JC^H^0)^H 

wherein the molecular weight of the hydrophobe (C3H6O) is 
approximately 5200 and the percentage of hydrophile (C2H4O) is 
approximately 15% by weight. 
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4, The vacdnc adjuvant of Claim 1, wherein said surface-active 
copolymer has the following formula: 

H0(C^H^0)^(C3H^0)^(C^H^0)^H 

wherein the molecular weight of the hydrophobe (C3H6O) is 
approximately 4600 and the percentage of hydrophile (C2H4O) is 
approximately 10% by weight 

5 . A vaccine adjuvant congnising a non-toxic lipopolysaccharide. 

6, The vaccine adjuvant of Claim 5, wherein the non-toxic 
lipopolysaccharide is a lqx3polysaccharide wherein the sugar portion of the 
molecule is intact and the lipid A portion of the molecule has been modified 
thereby rendering the lipopolysaccharide much less toxic. 

7 . The vaccine adjuvant of Claim 5, wherein the lipopolysaccharide 
is isolated &om Rhodopseudomonas species. 

8 • The vaccine adj uvant of Claim 7 , wherein the 
Rhodopseudomonas species is selected from the group consisting of J?. 
sphaeroides, R. acidophiHa, R. blastica, R. gelatinosa, R. capsulata, R. 
palustris and R. viridis. 



9. The vaccine adjuvant of Claim 5, wherein the non-toxic 
lipopolysaccharide is a detoxified lipopolysaccharide. 



wo 92/00101 



PCr/US91/04716 



65 

10. A vaccine adjuvant comprising an effective amount of a 
lipopolysaccharide and an effective amount of a surface-active copolymer, the 
surface-active copolymer having the following formula: 

HO(C H O) (C H O) (C H O) H 

^ 2 4 'b^ 3 6 2 4 'b 

wherein the molecular weight of the hydrophobe (C3H6O) is between 
approximately 3000 to 9000 and the percentage of hydrophile (C2H4O) is 
between approximately 3% and 15% by weight 

11. The vaccine adjuvant of Claim 10, wherein the 
lipopolysaccharide is a non-toxic lipopolysaccharide. 

12. The vaccine adjuvant of Claim 11, wherein the non-toxic 
lipopolysaccharide is a lipopolysaccharide wherein the sugar portion of the 
molecule is intact and the lipid A portion of the molecule has been modified 
thereby rendering the lipopolysaccharide much less toxic. 

13. The vaccine adjuvant of Claim 11, wherein the non-toxic 
lipopolysaccharide is isolated from Rhodopseudomonas species. 

14. The vaccine adjuvant of Claim 13, wherein the 
Rhodopseudomonas species is selected from the group consisting of R. 
sphaeroides, R. acidophiliar R. blastica, /?. gelatinosa, R, capsulata, R. 
palustris and R, viridis. 

15. The vaccine adjuvant of Claim 10, wherein the non-toxic 
lipopolysaccharide is a detoxified lipopolysaccharide- 
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16. The vaccine adjuvant of Claim 10, wherein the surface-active 
copolymer has the following fonnula: 

HO(C^H^O)^(C,H 0)JC^H^O)^H 

wherein the molecular weight of the hydrophobe (C3H6O) is 
approximately 5200 and the percentage of hydrophile (C2H4O) is 
approximately 5% by weight 



17. The vaccine adjuvant of Claim 10, wherein the surface-active 
copolymer has the following formula: 

wherein the molecular weight of the hydrophobe (C3H6O) is 
approximately 5200 and the percentage of hydrophile (C2H4O) is 
approximately 15% by weight 



1 8. The vaccine adjuvant of Claim 10, wherein the surface-active 
copolymer has the following formula: 

wherein the molecular weight of the hydrophobe (C3H6O) is 
approximately 4600 and the percentage of hydrophile (C2H4O) is 
approximately 10% by weight 
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19, The vaccine adjuvant of Claim 10, wherein the surface-active 
copolymer has the following formula: 

HO(C H O) (C H O) (C H O) H 

' 2 4 'b^ 3 6 'a^ 2 4 'b 

wherein the molecular weight of the hydrophobe (C3H6O) is 
approximately 4000 and the percentage of hydrophile (C2H4O) is 
approximately 10% by weight 

20. The vaccine adjuvant of Claim 10, wherein the surface-active 
copolymer has the following foraaula: 

HO(C H O) (C H O) (0 H O) H 

^ 2 4 'b^ 3 6 2 4 
wherein the molecular weight of the hydrophobe (C3H6O) is 
approximately 3250 and the percentage of hydrophile (C2H4O) is 
approximately 10% by weight. 

2 L An adjuvant comprising: 

a. oil 

b . a non-ionic surface active agent suitable for forming water- 
in-oil emulsions 

c. silica 

d . a surface active copolymer comprising: 

HO{C H O) (0 H O) (C H 0) H 
2 4 'b^ 3 6 'a^ 2 4 'b 

wherein the molecular weight of the hydrophobe (C3H6O) is 
between approximately 3000 to 9000 and the percentage of 
hydrophile (C2H4O) is between approximately 3% and 15% by 
weight. 

22. The adjuvant of Claim 21 , wherein the oil is an animal oil. 



23. 



The adjuvant of Claim 22, wherein the animal oil is squalane. 
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24. The adjuvant of Claim 21, wherein the non-ionic surface active 
agent is sorbitan monooleate, 

25. The adjuvant of Claim 21, wherein the copolymer has the 
following formula: 

HO(C H O) rC H O) (0 H O) H 

2 4 3 6 2 4 

wherein the molecular weight of the hydrophobe (C3H6O) is 
approximately 4600 and the percentage of hydrophile (C2H4O) is 
approximately 10% by weight 

26. A method of increasing the immune response in a human or 
animal to an antigen comprising the steps of: 

a, admixing the antigen with an adjuvant, the adjuvant 
comprising: 

i. oil 

ii. a non-ionic surface active agent suitable for forming 
water-in-oil emulsions 

iii. silica 

iv. a surface active copolymer comprising: 
H0(C^H^0)^(C3H0)^(C^H^0)^H 

wherein the molecular weight of the hydrophobe (C3H6O) is 
between approximately 3000 to 9000 and the percentage 
of hydrophile (C2H4O) is between approximately 3% 
and 15% by weight 

b. admiiustering the admixture of antigen and adjuvant to the 
human or animal. 

27. The method of Claim 26, wherein the oil is an animal oil. 

28. The method of Claim 27, wherein the animal oil is squalane. 

29. The method of Claim 26, wherein the non-ionic surface active 
agent is sorbitan monooleate. 
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30. The method of Claim 26, wherein the copolymer has the 
following formula: 

HO(C H O) (C H 0) (C H O) H 

24 b36a24b 
wherein the molecular weight of the hydrophobe (C3H6O) is 
approximately 4600 and the percentage of hydrophiie {C2H4O) is 
approximately 10% by weight. 
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Fig. 7 
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